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ECOLOGICAL CONDITIONS IN NATIONAL 
FORESTS AND IN NATIONAL PARKS 


By Dr. CHARLES C. ADAMS 


ROOSEVELT WILD LIFE FOREST EXPERIMENT STATION, 
COLLEGE OF FORESTRY, SYRACUSE, NEV 


INTRODUCTION 


TWENTY years ago when our party was making ecological sur- 
veys of Isle Royal, Lake Superior, I became deeply impressed with 
the importance of the study of natural conditions. At that time 
there were relatively few who called themselves ecologists, students 
of the relation of organisms to their environment, and some of the 
most competent of these were primarily interested in the applica- 
tion of ecology to economic problems and were to a corresponding 
degree slightly interested in natural or wild conditions, largely be 
cause ecology seemed to them too remote or unimportant as far 
as their immediate needs were concerned. At that time they had 
not yet come to realize that one of the basal limiting factors which 
prevented the better application of ecology to their special sub 
jects was on account of the relative neglect of this science, upon 
which their progress depended. The applications of ecology to 
industries and to public policies can naturally progress no faster 
than the basal science upon which they depend. This is as true 
of the applications of ecology to our national parks and national 
forests as of other economic and social problems. The arts of 
agriculture, forestry, fisheries, medicine and public health are all 
dependent, to a very important degree, upon advances in our 
knowledge of the relation of plants and animals to man and also 
man’s relation to his own species. 

To-day not only has the number of workers increased, but in 
addition there has been a greatly improved appreciation of the 
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Fig. 1. Overgrazed and overbrowsed Gambel oak, browsed up about six 
fourth mile east of old Grand View Hotel, Grand Canyon Nat 


south rim of Canyon, Arizona. About one half mile from wat 


value of studying wild, unmodified nature, not only for th: 
of its scientific results, but as well because of the assistance 
such studies give in solving practical problems. In rec 
there has been a growing recognition of the practical valu 
areas among foresters. The older champions of our nationa 
as John Muir, were among the leaders in this country to se 
broad way the value of preserving wild areas, but in rece: 
there has been an intensive movement to get vast crowds « 
into the national parks, and at such a rate that vast are 


parks are without question being severely injured. Th« 

ments of agriculture and forestry upon wild lands are als: 
transforming them from wild areas. Agriculture seems 
practically overlooked the value of preserving wild areas 
contribution which their study can make to this art, alt! 
course for recreational purposes the farmers have eager!: 


themselves of wild areas. 

In recent years ecologists and foresters have come 
better mutual understanding, better in many respects, 1! 
me, than between themselves and the students of agricultu 
relation of ecology to forestry has, in the past, been mai 
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1. 2. Overgrazed and overbrowsed cliff rose (Cowania), injure 
about one half mile east of old Grand View Hotel, Grand Canyon National 
Perk, south rim of Canyon. Scattered lupine in foreground, 


pinyon and yellow pine in background. 


plant or forest side, but more recently the animal aspect of the 
subject has come in for a clearer recognition, particularly with 
regard to the influence of grazing animals, and with regard to 
wild life, and last but not least to the educational and recreational 
aspect of the subject. The mutual relation existing between ecol 
ogy as a science and its applications has thus been increased, is 
much better understood, and we are now coming to see that if we 
are to preserve in any adequate manner the national parks for 
future generations there must be applied to them a knowledge of 
ecology. The relation also of ecology to the forests is progressively 
receiving greater recognition. 

With regard to national forests, as contrasted with national 
parks, the great bulk of their area is intended to be modified from 
a wild state to increase their value to man, primarily from the 
economic standpoint. Here the cutting of timber, the grazing of 
the forage and the utilization of wild life and the conservation of 
water and soil are the avowed purpose of these forests. Wild land 
within such forests, excepting protective forests, will thus be the 
exception rather than the rule. The vast areas of the forests, 
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Fig. 3. Overgrazed and overbrowsed Gambel oak, area unprotected by | 
fence, and relatively protected area within pasture, near old Gra 
Hotel, Grand Canyon National Park, south rim of Canyo1 


with their extensive methods of management or cultivation, g 
a vast area for ecological study, the ecology of managed 
will be a perennial field for ecological study, and it will 
one of the most attractive professions for the ecologist 

During the past summer and early fall I.made a tour throug ia 
a number of national forests and national parks. The localities ow 
examined were mainly in New Mexico, Arizona, California and val 
Utah, during which special attention was given to the ecologic * 
conditions, and to noting the relation which forest and park p = 
have had upon these. I have tried to look at conditions impat a 
tially, and some of the findings I will now discuss. As | hav we 
been teaching and investigating animal ecology and its applications the 
to both forests and parks for several years my views have bee! of s 
influenced by certain general considerations, as I view t! 
phases of the general land problem. I went over the areas ratie! othe 
carefully, took careful notes and photographs, and was generally eco) 
accompanied by some one familiar with the region and we!) !! eras 
formed in general on local conditions. I will confine my remar' how 
largely to regions examined during the past season (1924), a g] tion 


prin 
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Fic. 4. Overgrazed meadow, with cattle, Sand Meadow, South 
Kaweah River, Sequoia National Park, California. 


my observations have not been limited to the regions mentioned. 


I alone am responsible for the opinions here expressed. 

The American idea of a national park is to set aside a region 
of supreme scenic features as a true sanctuary or haven where 
plants and animals should be preserved in as near primeval condi- 
tions as is humanly possible in this modern world. Such an ideal 
is a high one and will cost much effort to maintain. It will perhaps 
require almost as much effort to protect the parks from their super- 
ficial unthinking and ignorant friends as from their commercializ- 
ing enemies and the cheap politicians, who are looking out for their 
own personal advantage. The national park idea is one of the few 
valuable American contributions to a policy of land use. It should 
be conceived in a broad comprehensive manner. At times there 
has been undue emphasis upon the minor and trivial recreational 
uses, and not enough attention has been given to the use of the 
word in its better sense, or ‘‘higher use,’’ because without question 
the educational and scientific and esthetic value of these parks is 
of supreme importance. As I see it, our national parks are devoted 
primarily to social uses, recreation, education and science. On the 
other hand, the national forests have, in the past, been devoted to 
economic utilization, from the standpoint of timber production, 
grazing, watershed protection and water power. In recent years, 
however, the public has invaded the national forests for recrea- 
tion, and has thus become interested in the forests as never before, 
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Fic. 5. Overgrazed meadow, Mitchell Meadow, South Fork of 


River, Sequoia National Park. Near the location of area shown 


both state and federal, and has forced the national forests 
reluctantly to recognize their interest as one of the majo: 
forest land. The tradition and ideal of foresters has 
strongly economic that this social demand has been rec 
mainly-on aceount of strong public pressure, rather thar 
use of foresight which is generally used in making forest 
plans. Certain individuals have, however, grasped thi 
tion very fully. One of the next important practical 
is how to balance properly the economic and the social 
This the public will decide for itself and we hope under « 
leadership. Without question there will be in time a ten 
break down the distinction between parks and forests, bu 
question the rank and file of the two groups are still so f: 
and it is perhaps well that they are for the present, as bot! 
have something of importance to learn from each othe 
they can work together to the best advantage for public be: 
I will diseuss, first, national park conditions and foll 
considering the ecological conditions in the national fores' 


Eco.LoGicaL CONDITIONS IN NATIONAL PARKS 


Preliminary remarks: During the 50 years in which 
had national parks there has been a growing appreciat\ 
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Fig. 6. Protected meadow, showing thriving herbaceous ve 


of Dead Man’s Creek, Sequoia National Park 


American idea of preserving for our own and for future genera 
tions some of the outstanding wonders, scenic, plant and animal 
which our country possesses in unusual abundance. It is remark 
able that during all this time there has been no adequate recogni 
tion of the fact that these wild parks eall for a new profession, far 
removed indeed from that of the training needed for the formal 
eity park or that of the conventional training of the forester, with 
a basal knowledge of plant and animal ecology which should be 
combined with certain arts and methods of administration and an 
adequate economic and social background. On the other hand, in 
a much shorter period, forestry has become a profession. The first 
national forests were created about the Yellowstone National Park, 
in order to protect it, and now the forests have vastly outgrown the 
parks in acreage, in organization and in administration 

First of all, we should recognize that the National Parks Service 
as a unified organization, was only established in 1916, although 


the Forest Service was similarly organized in 1905. The founding 


of the Yale Forest School (1900) was a major influence in profes 


sionalizing men for the Forest Service. Several other teaching 
organizations have since developed so that the forests are now 


securing the benefit of mature and experienced men, whether or 





568 THE SCIENTIFIC MONTHLY 


not they were trained in the schools or worked up thr 
ranks. There has, however, been no corresponding develop 
an adequate training for the national parks. The Forest 
has always been in charge of a forester, but the parks hay 
been headed by a similar technical man. 

To interpret fairly the conditions in the parks one mu 
in mind this contrast between the administration of parks 
forests. The parks are, in administration, only newly orga 
and are not yet free of all trace of their former military tra 
They are relatively poor because, excepting automobile | 
they have no large revenue comparable to the grazing and 
sales of the national forests, and Congress has not yet learn 
the general public for that matter, that in order to admir 
properly these wonderlands calls for a staff of men—well-tr 
technical men. The park officials are not yet completely 
civil service, and are without a professional tradition behind 1 
although it should be recognized that this is not always an ad 
tage. We lack therefore in the -parks mature and formu 
knowledge and policies of park administration. 

The Forest Service was for many years overloaded wit! 
ministrative duties, to such a degree that research was sadly neg 
lected, and during that interval certain errors were made, 
might have been less serious if there had been research to gu 
The Park Service is now in the same relative position, and « 
as important as is the position of the park naturalist and the n 
guide service, these men are not definitely devoted to technica! 
search, but in the main to elementary educational work with 
park visitors. Not all the parks have naturalists, and a cons 
able amount of their energies is given to publicity. Publi 
of course valuable, but such duties may not allow sufficient 
for serious scientific studies. Furthermore, under the present 
tem there has not yet been time to make adequate physica 
natural history surveys of their domain, detailed and photogra; 
records of the status and condition of their areas. A conside! 
body of data of this character must be accumulated, digested a1 
formulated, before each particular park can have satisfactory 
ing plans or policies, such as modern administrative methods 
quire, and such as are found in most of the national forests 
are to understand the ecological conditions in the parks w 
bear these considerations in mind. 

These administrative policies of the parks form a larg 
of the human influence upon them, and are to-day dominat 
fluences affecting the ecological conditions within the parks 





ECOLOGICAL CONDITIONS 569 


turn to certain conditions worthy of special attention in the 
und Canyon, the Sequoia and in the Yosemite National Parks 
Conditions in the Grand Canyon National Park: The Grand 
nyon National Park in Arizona was formerly included within a 
tional forest ; it was later made a national monument and finally 
1919 it was made a national park. It is thus a new park and 
s not yet had time, and with several different superintendents, 
settle down to a stable policy based upon a detailed knowledge 
of the situation. (In passing we should note that the oldest park 
of all, the Yellowstone, has not yet developed and published its sys 
tem of management. The ecological conditions were already 


greatly modified from a natural wild park when it became a national 


park. It was considered necessary, in order to get the park estab- 


lished, to permit grazing by local residents who owned some private 
land within the park. These same persons grazed in the adjacent 
Tusayan National Forest. The overgrazed condition of the region 
of the south rim of the Grand Canyon is thus, particularly near 
the watering places, in exceedingly bad condition, as Figures 
1, 2 and 3 show. This excessive overgrazing has made the south 
rim country of the canyon as severely overgrazed, primarily by 
domestic animals, as is the north rim in the Grand Canyon Game 
Preserve, with its excessive number of deer and domestic ani 
mals, combined. This is a deplorable condition, which influences the 
wild life, changes the character of the vegetation, favors the erosion 
of the soil and produces conditions directly the opposite of the 
intention of a national park. 

As a rule also where grazing animals are allowed there is a 
more aggressive control of predatory animals, and yet no one has 
ever made a satisfactory scientific study of this problem in any 
national park, or for that matter in any national forest, and pub- 
lished the results. As a result of this unsatisfactory condition, 
and independently of predatory control measures, the rangers in 
some of the national parks have been permitted, I have been in- 
formed on good authority, to trap fur-bearing animals to supple- 
ment their meager salaries. 

The situation with regard to fishing in the Grand Canyon Na- 
tional Park is representative of conditions in other parks. Thus, 
the annual report of Superintendent W. H. Peters for the year 1920 
States on page 312 that ‘‘Bright Angel Creek has been stocked 
during the year with eastern brook trout.’’ 

At the Toronto meeting of the Ecological Society of America, 
on December 28, 1921, it passed the following resolutions: 
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Whereas one of the primary duties of the National Park Sery 
pass on to future generations, unimpaired, the wilderness of th: 
cluding their native plants and animals; and 

Whereas there are many educational and scientific reasons why 
plants and animals should remain unmixed through importations 
organisms not native to the parks; therefore be it 

Resolved, That the introduction of non-native plants and anim 
National Parks be strictly forbidden by the park authorities, 
pressly intended that the planting of non-native trees, shrubs, 
plants, as well ag@the stocking of waters with fish not native to 
is strongly opposed Be it also 

Resolved, that copies of these resolutions be sent to Hon. St 
Mather, Director of the National Park Service, to Mr. Horace M. A 
Field Assistant to the Director, and to Mr. Robert Sterling Yard, | 
Secretary of the National Parks Association. Ecology, Vol. 
171, 1922.) 


Dr. A. O. Weese, secretary-treasurer of the society, sent 
of this to Superintendent Horace M. Albright, field assist 
Director 8. T. Mather, to which he replied under date of Jai 


23, 1922. as follows: 


My dear Mr. Weese: 

I have received copy of the Resolutions of the Ecological 
America on the native flora and fauna of the National Parks 
the recent meeting of the Society in Toronto. I want to say tl 
policy of the National Park Service is directly in harmony with 
tion. In Yellowstone Park we do not permit the importation of ex 
or animals, and we are adverse to the planting of any species 
native to the Yellowstone region. In the past exotie fish hav 
in the Yellowstone to the detriment of its waters as fishing strea1 
practice was discontinued some years ago. We are strongly 
planting nothing but native or cutthroat trout in most of the w 
park and confining our plantings of grayling and rainbow and easter 
trout to streams that have already had these species in them. 

I am glad to say also that in my capacity as Field Assistant 
tor I have noticed in my travels among the other national parks 
where the superintendents are carefully adhering to the policy 
Service that foreign plant and animal life are not to be brought in 

It is a pleasure to know that the Ecological Society is taking s 
interest in our national parks. 

Cordially yours, 
Horace M. AI 
Superint 


‘ 


From the above it is seen that the continued stocking o! 


by exotie species of fish, after they had once been planted 


larly practiced in the Yellowstone, and by consulting the 
nual report of the director it will be seen that this is also « 
many other parks. These exotic species, planted by error 
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t be maintained in the parks at all, but should be reduced in 
ery way possible, and no replanting of these species should bi 
rmitted. The planting of exotie fish in the Grand Canyon 
entioned merely as an example of a general policy which appli: 
has been said, to many of the national parks 

The park officials are certainly to be commended in their efforts 

destroy the wild burros which live in the Grand Canyon They 
ave no value to the park and utilize forage needed for the native 

ld life. 

There is no park naturalist in this park, so that there is no 
tent man on the staff to study these problems and accumu 
data, inform the authorities and to keep the public informed as 
to the natural history conditions in this park. 

Conditions im the proposed Roosevelt Seq ov region: T 
Sequoia National Park in Southern California is a high mountain 
region of great beauty, and is the region in which the giant trees 
probably reach their ecological optimum. It is, therefore, th 


region in which the preservation of these forests can probably be 


made the most successful, and this feature should be made a para 


mount feature in this park. These trees and their ecological asso 
iates form a unique resource which is certainly of national park 
quality, and nothing should be done which will obscure this featur: 
The administration of the park should never lose sight of this. In 
fact, the care and appreciation shown these trees is an excellent 
eriterion by means of which the efficiency of the park service may 
be judged. 

The summer administrative headquarters are loeated in 
Giant Forest, in the finest and largest of all the sequoia groves 
and as a consequence of this concentration of traffic, much of the 
herbaceous vegetation and young trees, which escaped the grazing 
animals, have been trampled down and destroyed. Cattle and 
horses have also destroyed much of the iow vegetation in the nearby 
meadows. Of what use are regulations against picking flowers 
when cattle may eat them? The local officials to some degree appré 
ciate this situation, but they must have public support to remedy 
it. On the other hand, the local officials have strongly advocated 
“light burning’’ of the forest floor, as a means of getting rid of 
the inflammable litter, including the old fallen trees and stumps.’ 
Fires have been a permanent feature of the region, and their com 
plete exclusion will probably in time completely change the ap- 
pearance of the forest, and probably no one yet knows enough, and 
has the financial backing necessary, to practice light burning suc- 


2Cf. Ann. Rep. Director Nat. Park Service for 1924, p. 110 
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Fic. 7. Protected summer range of deer. Eight deer were seen on this s! 
the time the photograph was taken. In the area which it is pro; 
to remove from the Park and put into a Game Preserve, Upper 
Soda Creek basin, Sequoia National Park. 


‘ 


‘virgin forest condi- 


cessfully in such a manner as to maintain 
tions’’! To pass on unimpaired to future generations the park 
forests is indeed no simple undertaking. In the past there has 
been some reason for confusion on this subject, but now the results 


of many years of careful study are available,* showing clearly that 
not only do such fires not really reduce the fire hazard but in fact 
increase it, that fire favors certain kinds of forests and brush, and 
thus selects and changes the character of the vegetation, and finally 
that it really costs more to execute such burnings than it does | 
give adequate fire protection. To burn over every few years | 
161,600 acres of the Sequoia Park and the 719,800 acres ot! 
Yosemite at the cost of from .30 to $1.00 per acre for a tot: 
nearly 900,000 acres would be a very expensive operation. Su; 
only 500,000 acres were ‘‘light burned’’ at a cost of $250,000 

last annual appropriations for the two parks totaled only $445 

To secure such an increase for fire protection alone even ove: 
period of years would be a very serious undertaking, particu 


in the face of other acute needs. On the other hand, the fire « 


8 Show and Kotok, U. 8. Dept. Agr., Bull. No. 1294, 1924. 
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Fic. 8. Severely overgrazed meadow, Cahoon Meadow, near 
Sequoia National Park. Compare with Figs. ¢ 


sion methods of the Forest Service cost per year about one and 
a half to three cents per acre. Thus from every standpoint ‘‘light 


b J 


burning’’ should not be practiced in our national parks 


In this connection attention should be called to the clearing up 


of the débris produced during road construction, which too often 


disfigures the highways in the national parks. Some of the débris, 
as the soil and rock, should be disposed of when the roads are being 
built, the timber should be salvaged and the brush and stumps 
should be burned. This plan, however, has not in the past been 
followed out so that to-day there remains considerable cleaning up 
to be done, and this is a decided improvement, as has been shown 
by Superintendent Horace M. Albright. But this sort of cleaning 
up should not be confused with the burning of natural dead and 
down timber and other forest litter in,these parks. Every field 
naturalist knows that to remove the dead and down timber would 
at the same time destroy the necessary breeding sites and cover 
for many animals.® 


4 American Forests and Forest Life, Vol. 31, pp. 36-37, 1925 
5Cf. Grinnell and Storer, 1924, ‘‘Animal Life in the Yosemite.’ 
Berkeley. 
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Fie. 9. Giant trees below this gap in Dennison Ridge, on the 
slope, showing character of the Sequoias which it is proposed to 1 
the Sequoia National Park and place in a Game Preserve. Photog 


courtesy of Ernest G. Dudley. 


When the Sequoia Park was made in 1890, grazing was s 
stopped but was again permitted in 1917 and continues to 
day. The overgrazed condition was quite evident in the two si 
ern townships (Figs. 4 and 5), and it was only in the ext 
eastern high part, in the vicinity of Wet Meadows, where the g 
lands did not show severe overgrazing, as shown in Figs. 6 : 
Conditions in the northeastern township, from the Giant Fo 
the Mt. Silliman region, suffered more possibly than any othe 
grazed area I observed within a park or a forest. The con 
of the Cahoon Meadows, shown in Figs. 8 and 11, is a good s 


of the overgrazed condition of these meadows, but along th 


the tramping of horses and cattle have done immense damag: 


will probably require 25 years or more for recovery, and we d 
know that even then there will be a true recovery to ! 
conditions. 

The summer and winter range of the deer is a problem « 
siderable importance. Migratory animals, such as deer and 
have been the source of considerable friction between th: 
Service, the Forest Service and with several of the states 
well, therefore, to plan to avoid this diffieulty rather than 
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10. View from the gap in Dennison Ridge, 
woking out upon the region with the large grove 
proposed to remove from the Park. Tops of the 

Sequoia National Park. 


ThIs 


courage it by adopting new policies which fail to eliminate 


factor. The present Sequoia Park includes some excellent summer 
range for deer. The best which I saw, and where deer were most 
abundant, was in the extreme southeastern township of the par! 
T. 188. 31 E.) in the vicinity of Wet Meadows, as shown in Figs 
7 and 11. During one day in that township our field party saw 
34 deer and passed through magnificent red fir forests 

It is proposed, in the present Barbour bill (H. R. 4095), now 
before Congress, to cut out of the park about half of this townshiy 
a most important part of this summer range, with the large sequoi: 
grove south of Dennison Ridge in the Tule River drainage, and add 
to this a narrow strip of forest about Mineral King and make 
game preserve of this in the Sequoia National Forest. The occa 
sion for extending a game preserve in the heart of a national parl 
is not evident, and the mines are definitely known not to be of im 


} 
1 


portance. This preserve idea if carried out is certainly destined 
in the future to make friction. The natural overflow of deer from 
the park into the forest will be available for hunting without the 
creation of such a preserve. Furthermore, I see no satisfactory 
reason for taking out of the present park the large sequoia grov 
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south of Dennison Ridge on the Tule River slope. This ar 
in about 600 acres, as estimated by Mr. Ernest G. Dudley a: 
H. T. Britten, of Exeter, California, ‘‘at least 500 trees ov 
feet in diameter.’’ This stand Mr. Dudley states is the ‘‘finest | 
for its size (nearest pure stand) of sequoias in existence.’’ 
is the opinion of a forester who assisted his uncle, Professor \\ 
Dudley, of Stanford University, in making extensive studi: 
these trees and who later made a detailed study of sequoias fi 
Forest Service. Mr. Britten, formerly a park ranger, know 
region thoroughly, has patrolled it and assures me of its ac 
bility from the Garfield Grove. Without question this grov 
national park quality, as indicated by the trees shown in F 
It is now in a national park where in my opinion it should rer 
and it should not be removed in order to create a game prese1 
If these trees are taken from the park, they should be prot: 
specificaliy by law or made a national monument within the nat 
forest. Standing in the gap of Dennison Ridge and looking so 
many of these trees screen the view, as shown in Fig. 10. Su 
considerations as these mentioned show that, both on account 
the deer and the sequoias, these areas should be included wit! 
the proposed Roosevelt-Sequoia Park. The accompanying maps 
indicate the proposed boundary changes, Fig. 11, including a p: 
posed approximate southern boundary line as well as an import 
addition north of the present park, near Mount Silliman, whie 
needed to consolidate the park, and to provide for overcrowdi: 
which is already doing the parks great injury. These suggest 
changes are approved by some of the best informed local mer 
Neithér in the Sequoia Park or in the proposed park is f 
the native haunt of the beautiful golden trout named for R 
velt.© This Roosevelt trout deserves more than a passing 1 
Evermann has said: 


This is the most beautiful of all the trouts; the brilliancy and 
of its coloration is not equaled in any other known species; the 
golden olive of the head, back and upper part of the side, the clear g 
yellow along and below the lateral line, and the marvelously rich « 
of the under parts fully entitle this species to be known above all 
the golden trout. In form it is no less beautiful; its lines are perf: 
fins large and well proportioned, and the caudal peduncle strong; a! 
it admirably for life in the turbulent waters in which it dwells. 
small fish, however. . . . The golden trout is native to Volcar 
alone, and occurs throughout the entire length of that stream. 
game fish the golden trout is one of the best. It will rise to any | 
lure, including the artificial fly, and at any time of day... . It 


6 Cf., Evermann, U. 8. Bur. Fisheries, Vol. 25, pp. 1-51, 1906; E 
and Bryant, Calif. Fish and Game, Vol. 5, pp. 105-135, 1919. 





ECOLOGICAL CONDITIONS 


does not give up soon but continues the fight. Its unusual bread 
ind strength of caudal peduncle, together with the turbulent 


h it dwells, enable it to make a fight equaling that offered by many a 


trout. . . . Although now abundant the golden tr 
n so unless afforded some protection. The attract 
- region because of its scenic beauty is sure to appeal 
sts every year. Practically the entire length of Volk 
ssible from the trail from Kern River to Mount WI! 
above the tunnel is covered by the trail from the ¢ 
matter of fact one can in one day travel the enti: 
have time to stop frequently to drop a fly into the 
trout are readily found and are easily capt 
rise to the lure so readily. Two years ago 
» and others accompanying them on their annual outil 
said to have taken 600 or 700 trout from Voleano Cre 
already stated, it is only a question of time, a very 
1 the golden trout of Volcano Creek will become p 


ess it receives some protection. 
Evermann and Bryant in conclusion say: 


This, the most beautiful trout in all the world, 
Theodore Roosevelt, the naturalist, who, as President 


ordered the investigation which resulted in its discovery 


The preservation of the Roosevelt trout in the Kern River drain 
age, east of the present Sequoia Park, and southeast of its proposed 
enlargement (in area No. 2, of Fig. 11) is thus wholly in harmony 
with the true interests of our national parks and the park boun- 
daries should therefore be changed to include the native haunts 
of this trout in Golden Trout or Voleano Creek. In the Sequoia 
National Forest, where they are now located, they are under the 
control of the state of California. If this proposed park is to bear 
Roosevelt’s name why should the waters including the Roosevelt 
trout be excluded and why should any of the park and adjacent 
forest waters containing these and allied fish be stocked with exotic 
kinds, not native to the park, thus risking the loss of their beauti 
ful native species which live nowhere else in the world? Why 
destroy the unique features to produce the commonplace? I raise 
this question of exotie fish because the Loch Leven trout wer 
planted, while I was there this summer, in the waters of the Sequoia 
Park. This is not in harmony with the ideal of maintaining th 
unique features of the park unimpaired. 

In brief, with regard to the Barbour bill (H. R. 4095) now 
before Congress, it should be amended as follows: 

1) The region including Golden Trout or Voleano Creek, the 
native haunts of the Roosevelt trout, should be included within the 
proposed park by adding Region No. 1, of Fig. 11. 

Vol. XX.—37 
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(2) The proposed game preserve should be abandoned, 
undisturbed the summer range of the deer and the big ™ 
sequoias on the Tule River slope (south of Dennison Ridg: 
the park. 

(3) The large re-entrant angle north of the present park 
be greatly reduced by adding to the proposed park Area N 
Fig. 11. 

But this problem of exotic or non-native species is not ¢ 
to fish, for I am informed that some years ago an effort w 
to stock this park with Chinese pheasants. An effort was 
some years ago also, to stock the park with wild turkeys 
Supervisor Walter Fry’s annual report of 1916, on page 50. 
us that: 

Wild turkeys are fairly abundant in the Sequoia Park in th 
the junction of the Middle Fork and Marble Fork of the Kaweah R 
there is every indication of their having become firmly established 
three different types that were placed in the park during the seasons 
10, vie., Mexican gray, Arizona bronze and Texas black, the two f 
seem to have entirely disappeared. This fact is attributed to th 
ing died, been caught by predatory wild animals, or blended to 
as to form intergradation to the latter mentioned species. It wou 
ever, the latter to be the most feasible of the three causes given. 


range in two separate groups; one that ranges at the mouth of 
Fork is quite tame like most other birds of the parks, but thi 
higher altitudinal range several miles in extent‘and are so wary 


to ever see them. 


These experiences with exoties raise a question. Does 1 
wish to travel hundreds of miles to visit the unique regions 
fornia to_be greeted with Chinese pheasants, Loch Leven t1 
Arizona, Texas or Mexican wild turkeys, and in all probab 
the expense of the native animal species? Clearly this sul 
serious enough to deserve more attention than it is rec 
believe that most of the park officials will readily respond to s 
tions from naturalists and the public, but we see how such 1 
have drifted and are now drifting without adequate super\ 

Conditions in the Yosemite National Park: The Yosemit 
of the best known and most frequented of our national pa 


rot 


certain respects this park has had a very progressive hist: 


in other ways its history has been rather discouraging. Th: 


Hetehy Valley episode is a good example of the sinister 1) 
which invade the parks. The state of California deserv 
eredit for turning over its large area of state land to the 
government for this park. If California would now pur 
the private lands within the park and turn these over to t 
it would be an excellent piece of public work, because with: 








ECOLOGICAL CONDITIONS 





ef 
wa .i tf. . 


ee 











Fie. 11. Map of the proposed Roosevelt-Sequoia National Park region 


S} 


owing boundaries of Sequoia National Park, the areas which the present 
Barbour bill (H.R. 4095) proposes to cut out of the propos 1 
indaries of the proposed Game Preserve. The areas wl 


to the Park are Nos. 1, 2 and the proposed Game Preserve 


tion this is one of the greatest menaces to this park to-day. The 
general public does not seem to be aware of the seriousness of the 
situation. There are to-day over 10,000 acres of privately owned 
lands within the park, and over 10,000 have been acquired by the 
Park Service. But in order to salvage the land along the highway, 
park timber has been sacrificed. The local officials have had to deal 
with a very serious problem and have evidently made heroie efforts 
to make the best of a very bad situation. Lacking funds and au- 
thority to prevent the cutting on private lands within the park, 
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Fic. 12. ‘Mule deer in Yosemite National Park. Photograph 1 
of Mr. J. T. Boysen, Yosemite. 


their only alternative seemed to be to trade for land along t 


giving more remote and less conspicuous lands, which in t 


surely should never have been cut. 

Sooner or later the American public should be fully 
about these private lands within the various national p 
funds should be provided to condemn and buy all such land 
thermore, we are probably drifting toward the positio: 
bidding the cutting of timber in any of the national pa 
of these parks are adjacent to national forests and it is f1 
that all needed timber could be secured. If the forests 
parks should be kept forever wild cutting can not be 
with the wilderness condition. Possibly the only solutio: 
problems is for the Park Service to adopt a policy of int: 
provement of the parks they already have, including th: 
of all private lands within their boundaries, and to delay « 
until the present parks are safe and adequately cared 

The development of a scientific and educational staf! 
unusual progress in the Yosemite. The nature guide s 
developed rapidly here, and now with a gift of mone) 
Laura Spelman Rockefeller Memorial for a museum, tli 
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Fic. 13. Mother black bear and three cubs in Yosemite Nationa 
graph used by the courtesy of Mr. A. C. Pillsbury, Yoser 


unusual opportunity afforded to establish, at least in one national 


park, an adequate resident scientific and educational staff within 


a park. The parks are truly in desperate need of such guidance, 
such as can only be secured from a truly capable technical staff 
living and working there the year round. 

Yet in spite of all this local interest in the welfare of the park, 
the floor of the Yosemite Valley, as a piece of wild natuge, is largel) 
annihilated, and the introduction of exotic Loch Leven trout con 
tinues, although the present restrictions on pasturing the meadows 
will assist in allowing a partial recovery of the wild flowers. Men 
tion should also be made of the introduction of plants by Dr. Har 
vey M. Hall, of the Carnegie Institution, as a part of his studies 
in experimental plant ecology. No doubt as long as they are under 
his supervision they are likely to cause no trouble, but when the 
experiments are terminated a special effort should be made to see 
that all the extraneous plants are removed as they should not be 
allowed to add exotics to the native flora. The eastern opossum, 
whieh has invaded Sequoia Park, and is not a native, should be 
killed off with the excess of predatory animals. 

Deer (Fig. 12) abound in the park in summer, but very few 
indeed remain within it during the winter. At any time this part 
time seasonal contrel of the deer may become a serious menace 
The presence nearby of the foot and mouth disease in cattle, during 
the past summer (1924), spread to the deer in adjacent forests, 
and on the winter range there is an excellent chance to infest the 
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Fic. 14. Park visitors feeding bears in the Yosemite. A danger 
Photograph used by courtesy of Mr. A. C. Pillsbury 


park deer. This risk alone is a sufficient cause for forbid 
grazing in our national parks. The situation with regard 
bear appears to be more satisfactory. The bears, as else) 
the national parks, are very popular with the public 


and 14), 


Eco®oGcIcaAL CONDITIONS IN THE NATIONAL FORES 


Preliminary remarks: As has been indicated the aims : 
of the national forests are to-day primarily economic, wit 
rapidly increasing recent recognition of the direct social 
wild life and recreation. These differences are reflecte: 
management policies, particularly in relation to the veget 
animals of the forests. The trees are considered prima 
the standpoint of timber production, watershed protect 
retardation of erosion, the shrubs largely from the stan 
shelter, watershed protection and erosion, and as browse f 


tic grazing animals and deer, and the herbaceous growth 
standpoint of forage and as a retarding influence on eros 
larger predatory animals, birds or mammals are look 


largely as a menace to the grazers or game, to a limited «i 
game, and the minor mammals, such as rodents, as compet 
forage or browse. Timber and watershed protection were | 
ideals of forestry, but with the inclusion of the open for 
grazing land, wild life and recreation have been reluctant! 
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A side canyon of the Grand Canyon, the wester: 
Canyon, which forms a natural barrier to the extens 
Kaibab mule deer on their winter feeding g 
Kaibab National Forest, Arizona. 


as the regional policy of land use, rather than a tree crop policy 


solely, has been gaining recognition. There are also healthy signs 
of recovery from the effort to utilize exotic trees and game, but 
none yet for exotic fish. The injury and confusion caused by this 


method of mixing the native and exotic plants and animals have 
gone on without much regard to the well-known ill effects caused 
by such mixtures. The results of the introduction of rabbits into 
Australia, the mongoose into the West Indies, the English sparrow, 
carp and gypsy moth into America, ought to serve as a warning, 
with the mere mention of the blister rust of white pine and the 
chestnut blight. In spite of the fact that we have wonderful native 
species suited to many purposes there are many persons who are 
continually, in the face of considerations just mentioned, neglect 
ing the native species and seeking to encourage exotic ones 

It is evident from these considerations that the whole policy of 
the forests has been in the past to modify the ecological conditions 
as much as is possible to conform to the extensive use of certain 
biological resources of the regions, from the standpoint of timber, 
forage and, more recently, wild life and recreation. To this degree 
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Fie. 16. The sage brush desert, between Fredonia, Arizona, and th« 
western corner of the Kaibab National Forest and the Grand Cany 
Preserve. The Kaibab plateau in the background. This desert is 

grazed by sheep during the winter and is largely Public Doma 


there has been a marked contrast between the theoretical park | 
icy of the wilderness, to which in practice as we have seen, thie 
have not adhered, and that of the forests. The policies of t 
ests are worked out in considerable detail and are based on su 
of almost all degrees of intensity with regard to the timbe: 
less degree the forage, and still less so to wild life. Recreat 
camping has been worked out in great detail in certain ar 
the west by the men on the ground who have to deal wit! 
matters, but the results of their studies have not been madi 

in any adequate fashion. 

The Forest Service has always been active in methods « 
control and this has, of course, a powerful influence upo! 
plants and animals. They have not, however, secured co! 
control over lumbering methods and brush disposal and unt 
is done an important preventable cause of fires is not under 
Of course private lands adjacent and within the forests ar 
a severe fire menace. 

The widespread overgrazing seen in the national for 
fluences the general ecological conditions as a dominating in!! 
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only are the herbs, shrubs and trees influenced directly but as 

animals dependent on them. Another condition is greatly 

lifying natural conditions and that is the practice of the service 

ts extensive cooperative fish cultural work with the U. S. Bureau 

.f Fisheries and with the states to stock public waters with fish not 
ve to the region. 

We see that the ecological conditions in forests are thus under 
going profound changes from wild and primeval conditions and 
there are almost no parts remaining of these areas which will re 
main wild, unless a new and definite policy’ is developed of holding 
as reserves certain areas. There are, however, many reasons for 
maintaining such areas for scientific study, demonstration and edu 
eation and for recreational uses, although this idea has not yet re 
ceived much recognition in forestry. 

The interests of ecologists are not by any means confined to wild 
areas, or their subjects would be on the decline rather than on the 
increase. We must recognize, however, conditions as they exist 

Conditions in the Tusayan National Forest: In an arid region 
the injury caused by fire is very pronounced because aridity makes 
fire-fighting very difficult, and because the relatively slow rate of 


plant growth leads to slow recovery. The arid yellow pine and 


pinyon-juniper forests are so open that they produce forage and 
browse, and grazing is carried on in them extensively. The limited 
number and amount of watering places tends to concentrate graz 
ing about such localities, and this results in extensive overgrazing 
The use of both the forage, browse and water for stock to a corre- 
sponding degree restricts its use for wild life. Thus the control 
of water at the same time controls much of the adjacent land avail 
able for wild life range. 

In the Tusayan Forest, on the south side of the Grand Canyon, 
the dominating ecological condition, now of greatest importance, 
is the extreme overgrazing, similar to that on the adjacent national 
park. The condition of the range in the forest and the park are 
equally bad, so that you can not tell by the appearance of the range 
whether you are in the park or in the forest. This overgrazing is 
changing not only the herbaceous vegetation but as well the growth 
of young trees and brush of all kinds. The brush, such as Gambel 
oak and cliff rose (Cowania), is ridden down by stock and eaten 
and broken so severely that many of them die. This overgrazing 
not only injures the normal carrying capacity of the range, but also 
the reproduction of the trees, and the normal carrying capacity for 
deer and antelope. It is therefore to be condemned on every score. 

*Cf. Ashe, Jour. Forestry, Vol. 20, pp. 276-283, 1922; Pearson, Ecology, 
Vol. 3, pp. 284-287; Leopold, Jour. Forestry, Vol. 19, pp. 718-721, 1921. 
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Predatory and rodent control are carried on by the Bi 
Survey in cooperation with the state of Arizona. Both of t! 
fluences are of course closely related to the range problem 
intensive over-grazing makes the competition with rodents 
tively more pronounced and conspicuous and emphasizes t! 
of comprehensive policies which will balance all these influe: 

Conditions in the Kaibab National Forest: On account 
remoteness and inaccessibility of the Kaibab Forest and the ( 
Canyon Game Preserve one might expect to find it one of th 
wildernesses and untouched areas in the United States. Bo 
as this region is ecologically by the park and Grand Canyon 
south and on the adjacent parts on the east and west (Fig 
side canyons, and around its northerly edge by wonderful exte: 
deserts (Fig. 16), its position is quite unique on account 


physical isolation. The forests and meadows (Fig. 17 
derfully beautiful, and the surrounding country is equally 
esting. This would have made an ideal place for a true wilder 
preserve. Not ideal, to be sure, for everything that every on 


wish to have in a preserve, but certainly an ideal examp|: 
wild area, and one in which there might be some hope of prese: 
a number of large predatory animals, such as the cougar, 
as deer, as Emerson Hough had hoped. But this forest |} 
been set aside originally as a game preserve where grazing 
wanted at the same time, predatory animals have been syst 
eally killed and the stock and deer have been preserved. Ther 
of course provision for utilizing the natural increase of th 
but the federal game preserve contained no adequate specifi 
vision for taking care of the normal increase of the deer (F 
The boundaries of the forest and park were changed, but th: 
preserve has not been enlarged. Naturally a period of str 
not far ahead. The overgrazing, particularly upon th 
range by an overpopulation of deer and by stock (Figs. 19 ar 
has continued, and only within the last couple of years has a 
effort been made to remedy the situation. The overcrowd 
dition on the summer range (Fig. 7), has been retarded in | 
reducing the number of domestic animals. The preser\ 
formed by Congress in 1906, six years before Arizona bi 
state and therefore some basis exists for the claim that tl 
has never had authority over the deer. The Forest Service, 
has had charge of the preserve, has been reluctant to gras} 
bramble and crush its thorns so that a new situation arose 
the deer which renewed the conflict between the Park Servic 
the Forest Service over this migratory game. For a num! 
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ars I have been convinced that the wild life of the national 

rests should be under the full control of the Forest Service, as 
; the ease of wild life in many of the national parks, in order that 

e Service might possess unified control over the forest, and inelud 
came Management in its proper place within a comprehensive sys 

m of forest management. In the case of the Kaibab deer this 
was such an opportunity, but the Forest Service did not grasp 
his opportunity, study the situation fully and publish the results 

its findings and its plans for management. This opportunity 
was allowed to slip by, and Emerson Hough, not being satisfied 
with the wild life management of either the Forest Service or the 
Park Service, suggested a new and independent plan, which was 
doubtless a cause of its failure. 

Personally I have no choice as to which federal bureau has 
charge of this area; my only concern is that it be managed prop 
erly. I believe, however, that the best use to which the region 
could be put would be to maintain it as a wilderness and to keep 
the ‘‘improvements’’—hotels, auto roads and their like—out of the 
region. From the standpoint of ‘‘highest use,’’ for the welfare 
of the whole nation, this region could not, it seems to me, be put 
to better use. Either the Forest Service or the Park Service could 
eare for this area, but their duties should be clearly prescribed by 
the law; otherwise there will be pressure from those who wish to 
exploit it for economic purposes. 


DEVELOPMENT OF PARK AND Forest PoLicies 
Preliminary remarks: The need of public policies for both 
parks and the forests is a subject which should be almost self 
evident, and yet we have not practiced this thoroughly, so that any 
one can without considerable effort learn the status of these policies 
The Forest Service has published considerable information on cer 
tain aspects of this subject and there are books which deal rather 
fully with historical and legal aspects of it,* but we have no corre 

sponding volumes of the parks, although Cameron’s® volume is 

partial substitute for this. Without question the lack of funds for 
publication has been an influential factor. It seems, however, that 
a fuller public statement, including even the provisional policies, 
of at least the more important forests, would be worth the effort 
The larger the organization the more difficult it becomes to keep 
the individual members informed of the status of conditions, and 


the publication of these policies would help the service itself, as 


8 Ise, 1920, ‘‘The U. S. Forest Policy.’’ 
91922, ‘* The National Park Service.’’ 





THE SCIENTIFIC MONTHLY 








Fic. 17. Park-like meadow in the Kaibab National Forest, south of V T P 
showing the character of the summer feeding grounds of mule deer 
Overgrazed by stock and deer. Arizona, 


well as its relation to the public. To state the rules of the gar 
and the conditions under which they operate should be salutary 
many respects, and help to build up and maintain publie con! 
dence. Of course, there will be some disadvantages in following 
such a policy, but it hardly seems probable that they would ove: 
balance the benefits. 

Development of policies from within: I am considering policies 
as formulated procedure which have resulted from an effort on t 
part of the officials or organization to adjust their relations to ‘ 
public. It is a response to the conditions, and involves contr 
tions from the officials, or from within the service, and from 
public, that is, from those without. Of course, in practice 
often difficult to tell the origin of a given stimulus, whether f: 
within or without. 

The beginnings of our forestry ideas were, like most of ou 
stitutions, adapted from European theory and practice, a! 
degrees they are becoming adapted to our own conditions a1 
stitutions. Thus our silviculture tended to be European, but 
grazing methods are distinctly American, and the developme! 
our wild life policies and recreation will surely be along Ame! 
rather than European lines. 


y 
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Fic. 18. Kaibab mule deer on the summer rangé 
showing the absence of young aspens caused mai 
by deer and stock. Photograph by courtesy 

Wilkes, Salt Lake City. 


There are certain improvements in both the parks and the for 
ests which can be best made from within, and there are others which 
are most likely to come from without. It is fortunate indeed that 
the forest service started with a distinct professional ieadership and 
this was possible because European forestry was highly developed 
But the idea of wild or wilderness national parks is a distinetly 
American idea and did not have a European tradition. The 
European tradition is about formal park design rather than large 
wild parks, such as our national parks. For this reason we must 
develop our own policies for the parks, as is being done for grazing 
and wild life in the national forests. The recreational aspects of 
both the parks and the forests is largely a new problem in American 
life, and must be worked out by both the parks and the Forest 
Service. 

I wish to emphasize that the recreational problem of the parks 
and forests will surely fall far below its best achievement if it does 
not strive to serve the ‘‘highest use’’ rather than to cater to the 
common urban amusement resort standard of recreation. We should 
thus bear in mind that the parks are not set aside solely for recre 
ation, in the limited sense, but are intended for broad public bene- 
fit, including education and science. It seems to me that we are 


fully justified in expecting a very large contribution from within 


the Forest Service to the eause of recreation and wild life, primarily 


because this service has long been accustomed to making basal sur 
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Fig. 19. A general view of the western part of the fall and winter r: 
the Kaibab deer, looking toward Kanab Creek Canyon. 
Kaibab National Forest, Arizona. 


veys of the resources, has formulated its method of recording and 


reporting data, and has for years been accustomed to formulating 
policies of management upon a long time basis. JI believe that 
is the greatest contribution of forestry to our American institut 
Any interested person who will spend time in the office exami: 
the data on hand or by talking with the officials who deal 
timber, grazing, wild life and recreation and who will exan 
earefully the wealth of data, maps and plans already made for 
utilization of these resources, will be convinced of their abilit 
make a very important positive contribution to these aspect 
forestry. Field studies furthermore in the forest will I b 
confirm this opinion. Several of these are developments whic! 
come largely from within and, as developed in the west, in res} 
to the public demand. The legitimate public demand for wi 
and recreation, particularly in the east and mid-west, is so 
greater than our national parks can ever expect to provide t! 
order to preserve the parks it will be necessary to develop 
very large scale, the resources and facilities in the national fo: 
As has been said on the other hand, the park service is nev 
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Fic. 20. A detailed view of the western part of the winter range of 
deer, showing the overbrowsed cliff rose (Cowania) in the foreground, ar 
severely browsed junipers in the background, Kaibab National F 


Canyon Game Preserve, Arizona. 


has during previous administrations not developed to an equal de 
gree a tradition of formulated surveys, working plans and policies 
and is more nearly to-day in the position of wild life, and recrea 
tion, in the Forest Service. The Park Service has had to begin 


nearer the bottom and develop its own policies, handicapped by the 
lack of a certain amount of professional tradition. The result has 
been a relatively slower rate of development. The Forest Service 
has had, however, to pay its price for its professional advantage, 
as this has tended towards a dominance of economic ideals and 
sentiments, and consequently it has been rather slow in recognizing 
the full value of social ideals and sentiments. This explains in part 
some of its inertia in recognizing grazing, wild life and recreation 
as a part of their problem of working toward a policy involving 
the highest use of the land. It has even obscured the recognition 
that this principle of ‘‘highest use’’ is ultimately and essentially 
social. Even to-day in its research and publications the Forest 
Service has not shown adequate recognition of this aspect of its 
field. 
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It is difficult to generalize in such matters. But eve 
who has worked in any kind of organization knows somet!] 
the difficulties of improving conditions from within. One 
prefer to think that improvements were mainly made from 
and yet only too often an outsider can accomplish in a re! 
short time what one from within could not do in five, ten or 
years of excellent work. The larger an organization the mo. 
cult it is for the higher officials to keep in touch with the 1 
the ground who are in direct contact with conditions. In 
field work, made in various parts of the country, I have « 
have great respect for the opinions of the men on the 
Often such men are without technical training and may 
serious errors in many ways, but when it comes down to 
mental facts of observation and simple interpretation they d 
very careful consideration. The neglect of this on the p 
officials, no matter from what cause, to avail themselves 
sort of information is the source of a vast amount of confu 
These men on the ground deserve more recognition than is 
erally given them. 

Development of policies from without: Having called atte: 
to what may be called the internal factors, let us turn to sor 
the external influences which affect policies. Of course the su 
dominating external factor is the fact that we have had 
country with a public domain, out of which parks and | 
could be carved, and new problems have arisen demanding s 
as population increased and as the country developed. It 
pioneer conditions that forced the development of grazing 
national forests and is now doing the same with wild 
recreation. In the case of the parks the great immediate st 
was the closure of Europe during and after the war to tra 
the diversion of these people to our western national forest 
tional parks and into Canada. Without question the auto 
is a large factor in this situation, and a general movement 


people toward outdoor recreation that has developed wit! 
dustrialization and urbanization of our population. Th 
dominating economic and social conditions which are to-day 


up the complex ecological environment of our plants and 
in our parks and forests. 

As has been said, the Park Service and the Forest Ser 
have an important contribution to make toward this proble: 
Park Service may well listen in addition to the demands 
transportation and concessionary companies, to many divers 
educational and scientific organizations who have a true int 
the welfare and the development of park policies. Th 
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Service has also similar obligations not to give too much attention 
to the economie demands of local lumbermen, stockmen, power and 
irrigation interests, and to overlook national social welfare. These 
matters should be weighed carefully with a long look ahead, re- 
membering that social values are difficult to weigh and that it has 
not been the habit of foresters or their training in the past to 
evaluate these considerations. It therefore suggests that careful 


provision should be made for errors. The old eriterion of the 


‘highest use’’ is of supreme importance, and foresters should 
recognize the ‘‘highest’’ means ultimately social rather than eco- 
nomie values. Both the forests and the parks need to formulate 
their ideas and criterions of value so that when occasion arises they 
can dispassionately estimate relative values, or they will not to a 
corresponding degree hold firmly public confidence. 

We meet with public officials who are fair-minded and who wel 
come an opportunity to explain and improve their policies. At the 
same time others look upon any suggestion or criticism as a politi- 
eal attack, possibly because too many of their critics have been poli- 
ticians, or because they consider all criticisms a personal matter, 
and act as if they and not the public owned the forests and parks, 
and this of course only causes confusion and more trouble, and is 
not the successful method of solving problems. 


SUMMARY AND CONCLUSIONS 

I have brought these matters before the Ecological Society be- 
cause I feel that they are vitally concerned with the ecological wel- 
fare of these millions of acres of federal park and forest land. 
From the standpoint of the naturalist these parks and forests con- 
tain a vast number of important and interesting scientific and 
educational problems. To solve these problems involves no new 
technique for those ecologists who have been accustomed to study 
the physical environment, the vegetation and the animals, includ- 
ing man, from a dynamic or process point of view. More atten- 
tion, however, is needed to integrate these dynamic conceptions 
intimately with current economic, social and political problems. 

There is no group of the public which should have a keener 
appreciation of the value of these regions and a keener desire to 
see that they are managed to the best advantage. As citizens they 
should be as much interested as any others, and as naturalists they 
have another additional interest. There are, then, special reasons 
why they should take on additional responsibility and assume a 
self-appointed guardianship looking toward the best management 
of these areas, and cooperating with other agencies having similar 
interests. 

Vol. XX.—38 
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RADIO TALKS ON SCIENCE’ 
HOW SCIENTIFIC DISCOVERIES ARE MADE 


By Professor ERNEST MERRITT 


CORNELL UNIVERSITY 


I rear that the title of this talk may be somewhat misleading— 
may even hold out false hopes. It sounds as though I intended ¢ 
explain all the trade secrets of the scientist, so that every one w! 
has the good fortune to listen in will be prepared to make his ow: 
scientific discoveries. If the newest dancing steps can be taught 
by a correspondence school, why not teach the art of scientific dis 
covery by radio? In fact, to bear out the title ‘‘ How scientifi 
discoveries are made’’ I ought really to make one or two discover 
myself, just by way of illustration, while the radio audience 
‘stands by.’’ 

Nothing quite so ambitious as this is intended, however. Al 
I shall attempt to do is to point out the way in which some of t 
great scientific discoveries have been made in the past, wit 
idea that it will probably be under somewhat similar circumstan 
that great discoveries are made in the future. 

For many years progress in all branches of science has been 
extremely rapid. We have come to take this as a matter of cours: 
If at least one or two great discoveries were not announced each 
year we should feel that something was wrong and that the scien 
tific machine ought to be speeded up. Some kinds of scient 
work can be speeded up—for example, measurements or routin 
observations, and these may be of great value. But discoveries ar 
different. No one can make a discovery to order. From the ver 
nature of the case a discovery involves something that is unex- 
pected, and the greater the discovery the more unexpected it 
If you discover something that you know is there it is no discove! 

There is a great deal of similarity between progress in scienc' 
and the exploration of an unknown country. If an explorer starts 
out to discover some particular thing, like an oil well or : 
water fall or the highest mountain in the world, he is likely to | 
disappointed. But if he starts out with the intention of simp!) 
going as far as he can into the unknown region and finding out 


1 Broadcast from Station WCAP, Washington, D. C., under the aus} 
of the National Research Council and the direction of Mr. W. E. Tisdale. 
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what is there, he is pretty certain sooner or later to find something 
of interest or value. If it isn’t an oil well it may be a gold mine. 
If it isn’t a water-fall it may be an equally beautiful lake. 

The great thing is for the explorer to keep his eyes open and 
his mind alert so as to recognize the worthwhile new thing when 
he sees it. Open-mindedness and alertness are the great qualifica- 
tions. Even if he has started out to find some particular thing he 
must be ready to change his plans if circumstances require it. 
Columbus started out to find a new route to India—and failed. 
But he discovered America instead. There are many eases lik 
this in the history of scientific discovery. Take, for example, the 
discovery of radioactivity by Becquerel, which was the result of 
a combination of plausible but false reasoning and fortunate acci- 
dent. Becquerel started out from the fact that X-rays had been 
found to come from those parts of a Crookes’s tube which were 
being bombarded by the cathode rays and which were in conse- 
quence brilliantly fluorescent. The fluorescence of the glass was 


thought to be tied up in some way with the production of X-rays. 


Now Beequerel knew that certain uranium compounds could be 
made to fluoresce in sunlight even more brightly than in a Crookes’s 
tube. So it seemed to him likely that X-rays could be produced 
simply by exposing these uranium compounds to sunlight. He 
tried the experiment by wrapping a photographic plate in black 
paper so as to protect it from light, sprinkling some uranium 
nitrate on the black paper, and then placing the plate in the sun 
for several hours. When the plate was developed the parts under- 
neath the uranium compound were found to be blackened. Appar- 
ently Beequerel’s reasoning was correct, and X-rays, capable of 
passing through the black paper, had really been produced. To 
make sure he prepared to repeat the experiment. A fresh plate 
was wrapped in black paper, uranium nitrate was sprinkled over 
the outside, and he was about to place the plate in the sun, when 
a storm came up. So he put the plate with its uranium nitrate 
in a dark closet and went to work at something else. Paris some- 
times has pretty dismal weather, and this time it was several days 
before the sun appeared again. When the sun finally did appear 
Beequerel thought it was hardly safe to use the same plate—it 
might have been spoiled in some way through standing. So he 
prepared a new one. But just for fun he developed the plate 
that had been standing in the dark. And to his great surprise 
he found that it was blackened even more than the one that had 
been put in the sun! As a matter of fact, we now know that the 
sunlight and the fluorescence of the uranium nitrate had nothing 
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to do with it. Beequerel’s original reasoning was entirely wrone 
His results were due to the fact that rays similar to X-rays 
different, were being given out by the uranium all the tim 
followed up the lead which this accident had given him, in 
gated the properties of these new rays, and suggested to Mada) 
Curie the experiments which led to the discovery of radiun 
gave to us the best means yet known of combatting cancer 
whole subject of radioactivity started from this accident. 
did so because Becquerel had the mental alertness to take ad) 
tage of the accident. Many of us would have thrown th 
plate away and thought nothing of it. Like Columbus, Beequer 
failed in what he started out to do. But, like Columbus, he was 
more successful in his failure than if he had succeeded. 
The discovery of X-rays by Roentgen is another illustrat 
of the important part that accident plays in scientific discover 
Roentgen was repeating some interesting experiments that 
been made by another physicist with a special form of Crookes’s 
tube. He was working in a dark room, and on the table near his 
tube all sorts of things were lying around such as a physicist 
apt to have in his laboratory. Possibly if Roentgen had been mor 
neat and had kept everything in the right place he would not hav 
made the discovery. Among the things near the tube was a s! 
piece of a certain compound of platinum, and Roentgen noticed 
that this gave off a faint light every time he operated the Crookes’s 
tube. It would have been easy to fail to notice this dim light or 
to dismiss it as of no importance. But Roentgen did notice it 
recognized that he had to do with something new and important 
In consequence the X-ray is now available for the surgeon, t! 
dentist and the physician and has contributed to scientific progress 
in a dozen different fields. 
Roentgen’s discovery could not have been made except by : 
dent, for the existence of such things as X-rays was not even sus 
pected. This is true with most really great discoveries. It is t! ma 
business of the scientific man to keep always in mind the fact that els 
such altogether unexpected things exist in nature. In the words sou 
of Hamlet, ‘‘There are more things in heaven and earth than a! lim 
dreamed of in our philosophy.’’ Eve 
I sometimes tell my students of the experience we had in the aer 
Cornell laboratory immediately after the discovery of X-rays was was 
announced. Like every one else we were much excited by t! 
announcement and anxious to repeat the experiments. Among tle and 
apparatus in the laboratory we found an old Crookes’s tube. We stat 


operated the tube, placed a photographic plate near it and got 4 wer 
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picture of the bones of the hand, which still hangs on the wall of 
my office. Now that old tube had been in the laboratory for twenty 


years. I had seen it when I was a freshman. Every year it had 


heen shown to classes and operated—and each time it had given off 
X-rays. For twenty years our laboratory—and every physies labo- 
ratory in the world for that matter—had been in a position to dis- 
cover X-rays. But we didn’t. I wonder how many equally im- 
portant phenomena are going on around us all the time waiting for 
a Roentgen or a Becquerel to discover them! 

Another illustration of this sort of thing might be given from 
the field of radio broadeasting. The air is full of radio waves from 
stations all over the country. With your apparatus you can tune 
them in or out at will. If my talk verges too much on the high- 
brow you have only to turn a dial, and symphony or jazz will take 
its place. But suppose you had no receiving set; suppose you 
had never heard of broadcasting. The radio waves would be there 
just the same, all ready to add to your enjoyment of life if you 
could only learn that they exist and invent a receiving set by 
which to hear them. 

I might use this opportunity to point a moral—but I think it 
is time for my radio audience to turn the dial and tune in on 
something else. 


THE AGE OF THE EARTH 


By FRANK L. HESS 


EaRLY man probably thought little of the age of the earth on 
which he lived ; like a child he merely accepted it, and if he thought 
of the matter at all, the world was so enormous compared with his 
own puny size that it must always have seemed without beginning 
or end, for he saw no signs of either. In his experience anything 
made, such as a bow, a house or a wall, was made from something 
else equally visible, equally tangible and obtained from a known 
source. But the earth was too over powering. He guessed at its 
limits because everything else he knew, except time, had its limits. 
Even the sky came down only to the horizon, but when he traveled 
across the earth he always saw sea or land beyond. To him there 
Was no end. 

New ideas usually arise from a class that has leisure to sit down 
and think, and the existence of such a class means a fairly high 
state of civilization. Perhaps the priests of the ancient religions 
were the first to have this leisure, and they were also among the 
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ablest men of their nations. It is said that the Chaldean pries;; 
left observations of the stars dating back six thousand years 
that they claimed to have observations running back four h 

and seventy thousand years, to a date at which they placed ; 


already existed 2,150,000 years. This statement of the world’s ao 
was, of course, pure invention, as was that of Zoroaster, y 
thought to have lived about one thousand years before Christ a, 
who placed the age of the earth at seven thousand years. 

In 1650 Bishop Usher published a chronology of the Bibl 
which he paid no attention to the imagery of the East, in th 
guage of which Moses wrote, nor to the indefinite time ofte 
cated by the word ‘‘day,’’ so that he counted the six days of er 
tion as six periods of twenty-four hours, with the result that 
placed the beginning of the world at 4,004 B. C., probably the short 
est estimate yet made. His figures have been utterly disproved 
they are still printed in the margin at the beginning of some Bib! 

Unfortunately, many have treated the estimate of the reall; 
learned bishop as an integral part of the Bible, and the d 
ment of the science of geology has disturbed them greatly, | 
they felt that any deductions concerning the earth’s history t 
were not in accordance with his chronology and with a narrow 
terpretation of Genesis were a direct blow at religion. 

But there were many evidences of a vastly greater ag 
could be compressed into six thousand years. For instance, s! 
were found in hard rocks and they were so like living organist 
that it could hardly be doubted that they too had once been 1! 
protecting houses in which snails, oysters, clams and other anin 
lived and died, though they must have existed a tremendously 
time ago. This idea was attacked as irreligious. It was said t! 
these fossil forms were the work of the devil or imitations made | 
the Creator. However, shells could be traced back by easy steps 
from those alive in the water to those dead on the beach, buried 
the sands, encased in partly hardened sands or muds, and on d 
through the solid rocks. 

Leonardo da Vinci, the artist-scientist, who was a contempora! 
of Christopher Columbus, recognized that the fossil shells had | 
living forms. By the middle of the eighteenth century an order’; 
succession of the shells was determined. To-day fossil shells 
constantly used for telling the comparative age of the rocks, though 
they do not tell us the age in years. 

Many other things show us that the earth is old. We watch 4 


y 


tiny stream of water run down a dirt slope. In a few days, or Pp 


evVe 


ee 
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haps even in a few hours, it has cut a considerable trench, but to 


eut through rocks takes immensely longer. However, we see the 
same sort of a cut made through the rocks and on a larger scale by 
a small creek, by a larger creek and by a river, and then we compre- 
hend that even the stupendous canyon of the Colorado, which Dr. 
George R. Mansfield discussed before the radio audience last sum- 
mer, was formed in the same manner. Obviously, the time required 
to cut such a chasm and to carry the waste down to the sea is not to 
be measured in days or centuries but in millions of years 

How slowly valleys may be cut is shown by the huge redwood 
trees of the Sierra Nevada in California. These trees grow along 
the slopes bordering small streams, and some of them show by their 
rings of annual growth that they are six thousand years old, an 
age that takes them back to the time when good Bishop Usher 
thought the earth was ‘‘without form and void’’; yet the valleys 
have changed but little in these thousands of years, else the trees 
must have had the earth washed away from their roots and they 
would have toppled over and died. 

Old as these trees are, they present only a part of the testimony 
that the redwood family can give us concerning the age of the earth. 
At Florissant, Colorado, there are stumps of trees eight or ten feet 
in diameter, long since turned to stone, that also were redwoods, 
possibly of a type that was ancestral to those of our day. These 
trees died and were petrified before the great-great-grandfathers of 
the California trees had sprouted, yet the Florissant trees also must 
have reached an age of several thousand years. A nearby voleano 
threw out great quantities of ash that killed and covered the trees, 
a lake was formed over them, and during the course of the ages the 
wood of the trees, bit by bit, was changed to flinty stone. Other 
falls of ash came, covering and preserving many species of leaves 
and myriads of insects. All this happened in what is known as 
Miocene time, one of the short periods of the geologist’s scale. In 
the fulness of time the voleano died, the rocks cooled and ice, snow 
and running water began their devastation. The outlet to the lake 
was cut down, and the stream cut its way through the lake beds, 
which had by this time turned to rock, and exposed the stumps, 
leaves and insects. The crater of the old voleano was washed away 
and rounded off. Ages passed, man came and discovered gold in 
the rocks filling the throat of the old voleano, founded his mining 
camps of Cripple Creek and its satellites and drove his little shafts 
three thousand feet deep into the rocks. 

How long even these shorter periods were may be feebly shown 
by another illustration: In the oceans and in many of our fresh 
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waters grow tiny plants known as diatoms. They have marve!] 
beautiful skeletons of silica, which remain after the softer part 
the plants decays. The skeletons are so small that 30,000,000 
them would make only a cubic inch, and even that would be m 
cavities, yet at Lompoc, California, they form beds 1,800 feet + 
The beds were formed during Miocene time, probably while the ; 
woods were growing at Florissant. Nobody knows just how 
diatoms can grow, nor how fast they can accumulate, but it se 
probable that they could not deposit annually more than fiftee; 
or twenty deep, making a layer about one sixteenth inch thick. |] 
they grew at Lompoc at this rate then it took about 350,000 , 
for the entire deposit to form. But this was by no means ; 
Miocene time. 

These things give us a glimpse of time gone, but not an un 
standing of it. Down in the Grand Canyon the river has laid | 
muddy sandstones of Permian age, which, had they been deposit 
in the same column, would be thousands of feet below the diat 
of which I have just spoken. In these sandstones are tracks of so! 
huge unknown animal, and the tracks lead directly under th 
a thousand feet below the top of the canyon—‘‘footprints o1 
sands of time,’’ inconceivably old, marching into the darkn 


the ages, a fitting figure of our efforts to look into the past. 


Not until the nineteenth century did scientists really attempt 1 
estimate the age of the earth. Data on which to found an estimat 
had been too few and too uncertain. By that time, however, gr 
numbers of sections of the sedimentary rocks had been measured 
and many observations had been made on the rate at which t 
streams were moving the surface of the land into the oceans. T! 
problem was attacked by various investigators from various angles 
but all were practically agreed on a few important facts that wou 
serve as foundations. In general they agreed that: 


At one stage in its earlier history the earth was a molten mass, w 
slowly cooled. 

After it had cooled below the melting point of the rocks a crust 
and after the crust cooled below the boiling point of water, the water as 
and later on as snow and ice began to attack the rocks, as water is doing t 
day, breaking them down and moving the material, partly in solution, part 
as visible particles of clay, sand and gravel, toward the ocean. 

The material carried into the ocean in solution largely remains in solut 
but the solid particles formed beds or strata of shale, sandstone and « 
glomerate totaling many miles in thickness. At the same time the remau 
of animals living in the ocean formed beds of limestone. 

Movements in the crust of the earth have caused the strata thus ! 


to be exposed as dry land, where they may be examined by man. 


forr 


A number of scientists attempted to solve the problem 0! 
world’s age by estimating the time required to deposit the sed! 
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ments in the ocean, but the estimates of the thickness of the sedi- 
ments varied from twenty miles to a possible one hundred miles 
and the estimates of the rate of deposition varied as largely. Other 
scientists attacked the problem by estimating the quantity of salts 
in the ocean. Many careful analyses of river waters, showing what 
salts they carried in solution, were at hand, and many analyses of 
ocean water were made. From these figures and from measure- 
ments of the rate of flow, the quantity of salts carried to the sea 
annually by all the streams and the total salts in the ocean were 
estimated, and these results were used as a basis to determine th« 
time required to accumulate the oceanic salts. 


All these estimates had reference only to the age of the earth 
since it cooled. As would be expected from the number of unknown 
factors, the results varied widely and ranged from 3,000,000 to 
1,600,000,000 years. The largest figure was obtained by W J 
McGee, of the United States Geological Survey, and came remark 
ably close to some of the most recent estimates, though at that time 


it was considered to be entirely out of reason. 

In 1896 the world was startled by the discovery of radium, an 
element that is constantly breaking down and forming new ele- 
ments. In the intense research that followed this discovery it was 
found that radium is a product of the disintegration of uranium, 
one of the rare metals, and that the final product of a series of 
changes is lead. It was also found that the element thorium is dis 
integrating in exactly the same way and that it, too, gives lead as a 


+ 


final product. Of the greatest importance was the discovery that 
in no way is it possible to vary the rate of disintegration; it 
always the same. 

During the disintegration of both uranium and thorium, atoms 
of helium are thrown off. Helium is a very light inert gas, that is, 
it is a gas that combines with nothing else, so that it is non-explo 
sive, and for this reason it is used in our newest dirigible, the Los 
Angeles. It is these atoms of helium, thrown off at tremendous 
velocity, that cause the luminous figures on your watch to glow or 
makes shining spots that show you after dark where to find the 
chain pull or the switch for your electric light. When a uranium 
atom has thrown off eight atoms of helium it becomes lead; likewise 
a thorium atom becomes lead when it has thrown off six atoms of 
helium. The number of helium atoms thrown off in a given time by 
radium was counted, and the rate of production of lead from ura- 
nium per year was calculated. For the first time a real measuring 
rod of known length was put in the hands of scientists with which 
to calculate the age of the rocks, for the lead formed from uranium 
or thorium would remain in the minerals unless removed by outside 
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agencies, and if the quantity of uranium and of lead in a minera] 
is determined the calculation of its age becomes a comparatively 
simple matter. 

Like the teeth of a horse or the rings of a tree, the lead that the 
minerals contain tells their age. 

Taking these minerals as a guide, the investigators have found 
that some of the rocks are surprisingly old. A youthful uranium 
deposit at Lusk, Wyoming, is found to be about 32,000,000 years 
old. Minerals in the prime of life from Glastonbury and Portland, 
Connecticut, are about 340,000,000 years old; those from Branch- 
ville, in the same state, are slightly older brothers, the difference in 
their ages being only 90,000,0000 years. Minerals from Ontario, 
Canada, have reached maturity and are apparently 1,300,000,000 
years old. 

We don’t know how far back toward the beginning of the world 
these figures go. Possibly half way—maybe more, maybe less. The 
subject still needs study, and the National Research Council has 
appointed a Committee on the Determination of Geologic Age 
through Atomic Disintegration to take up the matter. And at some 
future time we shall hope to discuss this subject further with you. 


WEIGHING THE EARTH 


By Dr. PAUL R. HEYL 


BUREAU OF STANDARDS 


HAVE you ever wondered, when you have seen men excavating 
the cellar of a building and taking away the earth a ton at a time, 
how many tons there might be in the whole earth? Scientific men 
are the greatest wonderers to be found anywhere, and they have not 
only asked themselves this question (there was no one else to ask 
but they have devised experiments to give the answer. It is, of 
course, a very large figure; about six thousand million million mil- 
lion tons; six followed by twenty-one ciphers. The number is really 
known a little more accurately than that; the first three figures are 
known, if any one should need them, and experiments are now in 
progress at the Bureau of Standards which, if all goes well, will 
give the fourth figure. 

But why should any one need to know this number at all? Of 
what possible use can it be to anybody? 

There are two answers to this question. 

In the first place, a knowledge of the mass of the earth is of 
interest to astronomers, for it is a starting point from which are 
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obtained the masses of the moon and of the sun and of the other 
planets of the solar system. Our earth, therefore, is a natural 
standard of reference with which other quantities are compared; 
and it is the business of the Bureau of Standards to determine such 
fundamental reference quantities as accurately as possible. 

In the second place, a knowledge of the earth’s mass enables us 
to learn something about the interior of the earth, that region about 
which so much imaginative literature has been written, and which 
no one can ever hope to investigate directly. From the earth’s 
mass we can calculate its density, that is, the number of times it is 
heavier than an equal globe of water; and this leads us to a rather 
remarkable conclusion. 

The various rock materials which make up the outer layer of the 
earth, which are accessible to test and measure, turn out to have 
an average density between two and three times that of water, 
while, curiously enough, the figure for the earth as a whole comes 
out about twice this value. The inference is obvious: the core of 
the earth must be composed of something much heavier than the 
outer crust. 

What can it be? 

For this question, too, it is possible to find an answer. Several 
lines of argument, including the speed of travel of earthquake 
waves, the phenomena of terrestrial magnetism and some others, 
have led those who have given most attention to the subject to the 
strange conclusion that the core of the earth is a great ball of iron! 

Occasionally there fall to the earth bodies called meteorites, 
which are often composed of metallic iron, sometimes with a stony 
admixture. These strange bodies seem to be floating about in space, 
and occasionally one of them comes near enough to the earth to be 
drawn in by its attraction. The idea is that the earth is like a great 
meteorite, or the result of the accretion or massing together of many 
such particles, in which process the heavier iron portions have gone 
to the center by virtue of their own weight, or attraction for each 
other, while the lighter stony portions formed the surface layers. 
The meteorites that fall to earth may thus be regarded as chips left 
over or unused portions of material. 

So much comes out of an apparently dry and abstruse deter- 
mination of a numerical constant of nature! 

How is the earth weighed? Like many other scientific measure- 
ments, this operation is carried out by a roundabout process. 

The first thing to do is to set up a miniature system representing 
the earth and a body near its surface, and determine by experiment 
the actual force of attraction between these bodies. This force de- 
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pends on several things: in the first place, on the masses of the 
bodies, greater bodies attracting each other with more force tha) 
smaller ones; and second, on the distance between their centers, 
bodies attracting more strongly the closer they are together. A] 
these quantities are measured in the miniature system: the masses 
of the two bodies, their distance from each other and the force ; 

attraction between them. 

In the actual case of the earth and a body on its surface, we 
can measure all but one of the quantities involved. We can weig 
the small body and thus determine the force with which the earth 
attracts it. We can determine by the same operation the mass of 
the small body, and we know the distance from its center to th: 
center of the earth. What we do not know is the mass of the earth. 
But by applying the results of our miniature experiment, in which 
every quantity was known, and solving a problem in proportion, 
we can calculate the mass of the earth. 

The most difficult part of this experiment is to determine the 
force of attraction between the miniature earth and the small body 
attracted by it. Even with a mass of steel weighing 140 pounds 
(which is used in the arrangement employed in the experiment now 
in progress at the Bureau of Standards) and a ball of gold weighing 
an ounce and a half the force is measurable only in millionths of a 
grain, in metric units, about a thousandth of a milligram. 

To determine this very small force with the necessary precision 
an arrangement called a torsion pendulum is used. A light rod of 
aluminum about eight inches long is hung by a very fine filame: 
of tungsten at its center. This filament is such as is used in inean- 
descent lamps. The rod hangs in a horizontal position and ecarri 
at each end a gold ball. The rod swings very slowly back ar 
forth in a small are, with a time of swing of about half an hour 
So delicate is this arrangement that a very small force applied to 
the bails will perceptibly alter its time of swing. 

The swinging system is enclosed in an airtight case from which 
the air is exhausted. This eliminates trouble from air currents 
which might disturb the swing and also allows the system to swing 
for a long time before coming to rest. 

Outside this case the two large steel masses are placed, at first 
as close as possible to the gold balls inside. In this position the 
time of swing of the torsion pendulum is measured. The steel cy!- 
inders are now moved as far away as possible from the balls and 
the time of swing again measured. Due to the diminished attrac- 
tion of the steel masses for the gold balls at the greater distance, 
the time of swing is now found to be about five minutes greater. 
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From observations such as these the actual force of attraction be- 
tween the steel cylinders and the gold balls can be calculated. 

So delicate is a well-arranged torsion pendulum of this character 
that the presence of a person within ten feet of it will alter its time 
of swing because of the attraction of the person’s body for the gold 
balls; or if a ear is driven up outside the laboratory and parked 
the torsion pendulum will indicate its attraction. To avoid dis- 
turbances of this nature the apparatus is set up in a room thirty 
five feet underground, where all moving masses are overhead, and 
have no effect on the pendulum. 

This is not the first time the earth has been weighed. By the 
use of apparatus similar to that which has just been described this 
experiment has been conducted several times in the past century, 
with results of increasing precision as the technique of laboratory 


practice has gradually been perfected. No work of this kind has 


been done for a generation, and it has been thought that sufficient 
progress has been made in that time to warrant the attempt to 
obtain another figure of the weight of the earth. 

About thirty years ago a piece of work of this kind was per- 
formed which has about it so much of human interest that it may 
be told here profitably. 

As has often happened, two men worked on this experiment at 
the same time without knowing of each other’s doings. One of them 
was a British scientific man, Professor Boys, who worked with the 
best facilities that London and Oxford University could furnish 
him. He spent several years at the task and obtained what was 
believed to be the most accurate figure obtained up to that time. 

While he was doing this, another man, of whom Professor Boys 
had never heard, was working at the same problem hundreds of 
miles away in Bohemia. This man was Dr. Karl Braun, who had 
been a Jesuit teacher of physics all his life. At an advanced age 
he retired from teaching and was sent to a monastery in the moun- 
tains of Bohemia to end his days peacefully and quietly. But Dr. 
Braun could not content himself in inactivity, and for something 
to do set up an apparatus in his cell in the monastery and deter- 
mined the weight of the earth. His result, when published, was 
almost exactly that obtained by Professor Boys. 

Much of Dr. Braun’s apparatus was made by himself. It is 
noteworthy that he was the first person to use a vacuum about his 
torsion pendulum with success. Professor Boys, in his published 
paper, said that he believed the use of a high vacuum to be im- 
practicable. 

Professor Boys could hardly credit Dr. Braun’s achievement, 
and made the long trip to Bohemia to see him. He found Dr. 
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Braun, at that time over eighty years old, planning a repetition of 
his work to eliminate some errors which he had recognized. Unfor- 
tunately, he did not live to do this. 

A few years later, Dr. Burgess, the present director of the 
Bureau of Standards, carried out an experiment of this nature in- 
volving several novel features at the Sorbonne in Paris. He did 
not, however, succeed in improving upon the figure obtained by 
Boys and Braun. Since that date no work has been done on thy 
question, until it was taken up again, under the auspices of Dr 
Burgess, at the Bureau of Standards. 

Nothing, it would seem, is too large or too small for men to at 
tempt to weigh and measure. In this experiment that I have just 
described to you both extremes are to be found. The enormous 
mass of the earth is determined by measuring a force so small that 
only the most delicate pendulum known will detect it. 

The enormous distances from the earth to the sun or to the stars 
do not appal the mind of man; neither do the inconceivably minute 
quantities involved in the study of the structure of atoms. Any- 
thing that exists is a fit object for study, no matter how large, 1 
matter how small. Man may be but the merest speck in the uni- 
verse, yet in his intelligent comprehension of it he is but little lower 
than the angels. 

It is said that at one time an astronomer discovered a new star, 
which appeared to be approaching the earth with a great velocity. 
Night after night he studied it, finally becoming convinced that it 
was destined to strike the earth. He calculated that this would hap- 
pen within a few years. Night after night he watched this ap- 
proaching doom, fascinated by it. He did not announce his dis- 
covery, fearing to witness the orgy of lawlessness and despair into 
which it might plunge the world. 

One night he spoke aloud and addressed the star as follows: 

I know that you will soon destroy me and all things living. I can calc 
late the day, nay, even the hour when this will happen. Yet you are but 
blind, brute thing, and I would not change places with you! 


RADIUM 


By Dr. S. C. LIND 


U. S. BUREAU OF MINES 


In 1898 a new metal was discovered in Paris by Professor and 
Madame Curie. Because it was found to give out certain kinds of 
rays continuously they called it radium. In fact, it was by means 





RADIO TALKS ON SCIENCE 607 


of these rays that the discovery was made. No other chemical ele- 
ment has ever attracted so much popular and scientific attention. 
Entire institutes have been devoted to its study. Medical elinies 
have been founded for its therapeutic use. Industrial companies 
have been formed and plants erected for its commercial production 
Millions of dollars have been invested in it, and yet the entire out- 
put—all the radium that has been extracted in the world—would 
weigh less than ten ounces and could be put into a small 

What are the remarkable properties of radium which 
much attention? Scientifically its discovery represented much m« 
than finding merely another new element. Radium is an entirely 
new kind of matter. Before its discovery it was thought that th 
chemical elements, about ninety in number, of which all substance 
are composed, were immutable. The alchemists spent a century « 
vain endeavor to transmute the metals. Their failure resulted in 
the belief that the elements could neither be destroyed nor changed 
one into another. 

The early studies of radium disclosed apparent contradictions 
to this and other natural laws. Radium was found to evolve heat 
continuously and to emit rays and high velocity particles which 
produce electrical charges in surrounding matter. These new 
phenomena remained unexplained until 1903, when two British 
scientists, Rutherford and Soddy, proposed the theory of atomic 
disintegration. This theory has been proved correct. According 
to it the heaviest elements are in a state of evolution or change 
into others of lower atomic weight. This change is accompanied 
by the emission of rays. The two heaviest metals, uranium and 
thorium, were well known long before the discovery of radium, 
but it was not even suspected that they were slowly changing to 
lighter elements. Each of them is the parent of an entire famils 
or series, consisting of a dozen or more members. Radium is merely 
one of these members, about midway in the uranium family. The 
moment of change from a parent element to the offspring is all- 
important, for it is at this time only that rays are given off. In 
fact, they are the necessary accompaniment or cause of the change. 
Since very small quantities of matter contain billions of atoms, 
some of them will always be changing at any instant, and so the 
change appears continuous and uniform, though it is really made 
up of a large number of separate events. 

The time required for half of any quantity of an element to 


change into the next lower species is called its half-life. For ex- 
ample, the half-life of radium is about 1,600 years, meaning that if 
1,600 years ago one had had one gram, one ounce or any other 
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quantity of radium, one half of it would now remain. This is no} 
to be understood to mean that in the next 1,600 years the remaining 
half would entirely disappear—only one half of that half, or o, 
fourth, would change and in the next 1,600 years one eighth, and 
so on. Pb is the final member and hence accumulates in all | 

Th minerals. Uranium and thorium have very long life-periods 
several billion years. If they changed more rapidly they wi 
have disappeared long ago during the geological ages through whi 
they have existed and would not now be found in nature. 

If radium is then merely one of many similar radio-element 
why does it have such especial interest? The answer is an unusu 
one. It is one case where mediocrity excels. The importance o! 
radium arises from the fact that it has a half-period of about 1,6 
years, which is intermediate among half-periods distributed all t 
way from a short fraction of a second to billions of years. If t 
life of radium were very long, like that of uranium, it would be s 
inactive that it would take an inconveniently large amount to giv: 
off a required intensity of rays. It is not possible to use sev 
carloads of ore in a clinic. 
were very short, like that of some of the other radioactive element 
it could not be retained long enough for it to be profitable to pro 
or purchase it. It is therefore its moderate span of life, neither t 
long nor too short, which makes radium valuable. Radium has o1 
once been prepared in the form of the pure metal. It is more con\ 
nient to prepare and use it in the form of its compounds or salts 
radium chloride, bromide or sulphate. All these when first prepa 
are white, like table salt, and in ordinary daylight look equally harn 
less, but after a few hours a darkening in color indicates that some- 
thing unusual is taking place. This change in color is produced 
by the rays themselves, and has no especial significance, but o1 
observing a radium salt in the dark a continuous will-o’-the-wisp 
glow is manifest, and if any part of the human body be exposed 
to it too long or intensively, a deep-seated injury like a burn will 
result a few days later, though no sensation of pain is experienced 
at the moment. 

It was this experiment performed by Pierre Curie on |! 
which suggested the therapeutic use of radium, which has come t 
be of great value in the treatment of cancer and other diseases. 

In such treatments radium is generally used directly in tubes con- 
taining its salts. This method exposes the radium to the danger ‘ 
loss, accident or theft in the clinic. Occasionally patients hav 
swallowed the tubes, negessitating an operation to save both th 
radium and the patient. {he newer and better practice is to retain 
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the radium in the laboratory in solution and to collect from it a 


gas—radium emanation or radon—which has all the desirable 


radiating properties of the parent salt. Since this gas is fairly 
shortlived, it must be collected anew from the solution at short in- 
tervals—daily in the larger clinics. The gas is continually regen- 
erated from the stock solution of radium and hence its loss would 
not be serious. The therapeutic use of radium has now become 
common in many of our larger hospitals, and by far the greatest 
proportion of radium that has been produced has gone into thera- 
peutic use. 

The only other important use of radium is that in the luminous 
paints, such as are used on illuminated watch and clock dials. The 
base of these paints is a specially prepared zine compound called 
phosphorescent zine sulphide, because it glows in the dark after 
exposure to light. Unfortunately, this afterglow from ordinary 
light will last only an hour or two, so that radium must be added 
to the paint to produce a continuous glow. 

During the war, luminous paints came into very general use on 
wrist watches and other dials which had to be visible without dis- 
closing a light to the enemy. An aeroplane control board has eight 
or more dials which must have a paint of high radium content to 
give sufficient luminosity for twilight flying, while it is too dark to 
see well, but before the eye has become sensitive. New uses for 
radium paint are continually being found, as on electric switches, 
push buttons, drop cord pendants, numbers on Pullman berths and 
theater seats, keyholes or on any object which it is desired to find 
or to avoid in the dark. 

These luminous paints have a fairly long life—several years at 
least, but at best far too short to justify the use of radium with a 
half life of 1,600 years. The use of a similar radio-element obtained 
from thorium, called mesothorium, is preferable when it is available. 
Mesothorium is now substituted in part for radium in luminous 
paints, where, on account of its short life, it is far more suitable 
than in therapeutic use. 

The production of radium on a commercial scale was first begun 
in Austria from the pitchblende of the Joachimstal Mine. Pitch- 
blende is a black oxide of uranium, which, like most other uranium 
minerals, contains one part of radium to three million parts of its 
parent uranium. The Austrian ore was of such grade that it could 
be profitably worked, and prior to the world war two to three grams 
were produced each year from this source. The cost varied from 
$80,000 to $160,000 per gram. 

Just about the beginning of the war, in 1914, the center of 
radium production was shifted to the United States, through the 

Vol. XX.—39 
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development of a new uranium ore called carnotite. Carnotit, 
occurs in fairly large quantity in certain sandstones in Colorado 
and Utah. Unfortunately, it is not a rich ore in radium content. 
and since it occurs in remote districts, where mining operations are 
expensive, the cost of producing radium from it was quite high. Ip 
spite of these difficulties the industry had a remarkable devel 
ment, owing to the energy and courage of those who entered 
before and during the war. The Standard Chemical Company, 
Pittsburgh, was the pioneer and has to date produced more tha 
half of the world’s supply of radium. The United States Bureau 
ot Mines was the next earliest producer in this country. Later th: 
Radium Company of Colorado and the Radium Luminous Mater’ 
Corporation and several smaller companies entered the field. F 
several years the production in the United States from carnotit 
was on a large scale, ten to fifteen times that of Austria. In 1921 
35 grams were produced in the United States. During the war th 
price reached $125,000 and occasionally $135,000 per gram. Aft 
the war it became stabilized at $120,000, except for occasional sales 
of large quantities at lower prices. 

A price of $100,000 for a half thimbleful of material seems 
first thought fabulous and has been regarded by many as exor! 
tant. But when one considers that in order to produce one gram 
of radium, which would in the final pure state be about a hal 
thimbleful, it is necessary to mine from 200 to 500 tons of ore, 
which frequently has to be packed on burros and then hauled 60 or 
80 miles to a railway and then be shipped from 500 to 2,000 miles 
by rail, and that an equal weight of chemicals is consumed in t! 
extraction of radium, not to forget the expense of labor and of 
highly trained staff of specialists, a different idea is obtained. As 
a matter of fact, the price of radium has always been based on cost, 
quite as rigidly, if not more so, than for most mineral products. 

About three years ago the discovery of a new source of high 
grade radium ore in the Belgian Congo was announced by the own- 
ers, the Katanga Copper Company of Belgium. Owing to the hig! 
grade of the ore, which is principally pitchblende and kasolite, and 
to favorable conditions for mining it and for working it up i 
Belgium, the cost of production was lowered to a point at whic! 
American carnotite can hardly compete. The price was reduced 
from $120,000 to $70,000 per gram. The United States Radium 
Corporation, of New York, has been the only company to continu: 
to produce from American carnotite. The Standard Chemica! 
Company still maintains its medical service and sales organization 
for the distribution of the Belgian product. For a time, at least, 
American production is largely suspended. 
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Curiously, this drop of almost one half in the price has not 
stimulated sales of radium, but has had the opposite effect. In 1923 
about 18 grams were sold, and in 1924 only about 10 grams. This 
is probably not attributable to saturation of the American market, 
but rather to hesitancy on the part of the prospective purchaser, 
fearing that his investment may be jeopardized by a further reduc- 


tion in price. The Belgian Company has announced no definite 
future policy, but a further reduction in price does not appear to 


be immediately in sight, if at all. It is reported that the Belgian 
plant is now closed on account of over-production. Since the Amer- 


ican market is the principal one for the sale of radium, it is believed 


our willingness to purchase will be the controlling factor. Appar- 
ently, the uncertainty of the situation brought about by the Belgian 
discovery is at present the only deterrent factor in the sale and use 


of radium. 


EARTHQUAKES 


By SIDNEY PAIGE 


U. S&S. GEOLOGICAL SURVEY 


Ear.y in March there was felt in the northeastern United States 
an earthquake, the origin of which lies perhaps in Maine, perhaps 
in Canada. It was felt in New York City, in New Haven and at 
other places. Various accounts have appeared in the daily press- 
an excellex.t one in the New York Times of March 8. 

Shortly before this quake occurred it was proposed that I broad- 
cast a brief account of earthquakes. Let me heartily congratulate 
the managers of WCAP for arranging the recent shocks. Their 
advertising department is apparently 100 per cent. efficient, but 
their evident close association with the powers of darkness is very 
disecomfiting. One hesitates to think what would happen should 
they propose a talk on hell fire and eternal damnation and adver- 
tise the subject with equal efficiency. 

An earthquake is exactly what the word indicates—a quaking 
of the earth. The violence of the quake at any place is in general 
directly proportional to the violence of the disturbance at its origin 
and to the distance of the place from this origin. 


It has long been recognized that certain regions of the earth’s 
surface are particularly subject to earthquakes and that in certain 
other districts earthquakes rarely if ever happen. Between these 
extremes there are all possible degrees of earthquake visitation. 

Furthermore, in a region or country that is subject to earth- 
quakes (Japan, for example, or Italy) there are many districts 
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which are hardly ever visited by perceptible shocks. This fact 
itself is sufficient to suggest that earthquakes have a very defir 
local cause. Broadly viewed, the principal earthquake regions 
the world are situated along certain continental borders or in 
regions where we know geologic changes in connection with m 
tain growth are relatively rapid and now in progress. Thu 
around the Pacific Ocean there is a succession of seismic areas } 
ginning with the East Indies and passing north and east by way 
the Philippines, Japan and Alaska and then south along the y 
coast of the two Americas. Another well-marked region begi: 
the west of Europe and passes east through Sicily, Italy, Gre 
Syria, India and Central Asia. The West Indies constitute a d 
trict which may be taken along with Central America. In + 
regions are contained practically all the known localities subject 
pronounced earthquake activity. Note that the phrase ‘ 
earthquake activity’’ is used, for earthquakes do occur in 
regions but far more rarely. If you examine a globe of the « 
you will find that the great earthquake zone that follows the P 
border is almost an are of a great circle. In reality, you d 
cross the Pacific in going to Japan—you follow the coast : 
are that is remarkably straight, considered on a large seal 
the southern tip of South America to the East Indies and Austr 
The second earthquake zone likewise has this characteristic of n 
following a great circle, though its direction is quite different fror 
the first. Both of these great earthquake belts are very mounta 
belts, are major topographic features of the earth’s surfac 
are regions of great instability of the earth’s crust. At many p! 
these high mountains are bordered by oceanic deeps, and 
within this zone between ocean deep and high mountains 
adjustments of the crust of the earth are now taking place. 
Perhaps 99 per cent. of earthquakes that are felt are du 
movements of the earth’s crust along faults, which are really not 
but ecracks—that is, they are due to adjustment in the equilibriun 
of the crust as a whole, along lines of weakness such as have ji 
been described. These zones of weakness (where faulting—t! 
breaking—takes place) may be attributed to stresses accumulat 
during a vast extent of time and caused by the force of gravity | 
stantly seeking to adjust the balance of an unequally weiglit 
crust. Just one example of how this balance is being slowly but 
continually upset: You may readily see that the continual trans 
of material by the Mississippi River from its broad drainage basin 
to the delta at its mouth is necessarily bringing about a redistribu- 
tion of weight on the outer crust. Ultimately there must be re- 


' prono 
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sponse to the weight of such a deposit. If the globe is actually 
shrinking, due to transfer of heat or changes in density, obviously 
the outer crust will be constantly deformed. The complex folding 
and faulting of the surface rocks in many places supports this view. 

Active voleanoes are formed at many places along the great 
belts of weakness just referred to, but they should be thought of as 
results of the adjustments going on and not as the cau 

How is the shock of an earthquake transmitted ? 
strained until the limit of their elasticity is reac] 
suddenly break—either along an old fault or on a 
friction along the fault plane is enormous, and as the 
one side drags against the other vibrations are set up 


outward as a succession of waves. Likewise the actual elastic 
bound of the earth block on the two sides of the fault starts a wave 


that travels outward. The speed of these waves is great and 
surface of the ground is actually set in violent motion. It is this 
motion that we feel as the shock, and in general the nearer one is 
to the origin of the disturbance, the more violent the shock. A 
violent shock may be recorded on delicate instruments completely 
around the globe. 

If a shock originates by vertical faulting beneath the deep sea, 
a water wave that travels with great speed starts outward. Such 
a water wave in approaching the shore, over a gradually shallow- 
ing bottom, may attain great size and cause great damage to towns 
built at sea level. The sea may be withdrawn at first but may re 
turn with great violence. Such waves have proved disastrous on 
the west coast of South America, at Lisbon, Portugal, and at many 
other places. 

The destructive effects of a great earthquake in a thickly popu- 
lated district are appalling. The disaster is often intensified by fire, 
and if the district is exposed to the sea, great waves may add to the 
horror of the occasion. In the city of Lisbon, Portugal, sixty thou- 
sand people were killed in less than five minutes by the collapse of 
nearly all buildings, and an hour later great waves from the sea 
thirty to sixty feet high inundated the city, adding to the destrue- 
tion. Lima, Peru, was destroyed by an earthquake, and on the eve- 
ning of the same day the sea rose in a wave eighty feet over the port 
of Callao, on the coast. Out of twenty-three ships in the harbor, 
nineteen were sunk and four others were carried far inland. 

The recent earthquake in Japan (September, 1923) was aeccom- 
panied by fires in Yokohama and Tokyo that were the most disas- 
trous recorded in human records. The property loss is estimated 
in billions of dollars and lives in hundreds of thousands. 
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Slight earthquakes leave little or no trace on the surface of { 
ground; violent earthquakes produce startling changes with er 
suddenness. The San Francisco earthquake was caused by the sud 
den rupture of the earth’s crust along a fault zone known as 
San Andreas rift, for a distance of 270 miles. The fault unaffect 
by movement can be traced much farther. The displacement was 
such as to cause the country on the southwest side of the rift to 
move northwestward relatively to the country on the northeast 
the fault line. The movement was largely horizontal and in places 
as great as twenty-one feet. As a result all the fences, roads, rai] 
ways, bridges, tunnels, dams, pipes and other structures which cross 
its path were dislocated. Inasmuch as the movement of the eart 
which caused the fault was not confined to its immediate vicinity 
but was distributed over a considerable belt of country on either 
side of the rupture, the latitude and longitude of a large port 
of the coast ranges of California were changed, and resurveys h 
been necessary. 

In the recent Japanese disaster of 1923 marked changes of | 
occurred along the coasts of Sagami and Tokyo bays, and soon aft 
the earthquake a resurvey was made of Sagami Bay. It revealed 
three areas of depression and three of elevation. The maximum 
subsidence was found to be 1,554 feet, the maximum elevation $1 
feet. Some of this change, however, may have taken place bet 
the earthquake. 

It is reported that in the whole earthquake area 128,266 houses 
completely collapsed, 126,233 half collapsed, while 447,128 were 
burned and 868 were swept away by the sea waves. Along t 
shores of Sagami Bay the percentage of houses that collapsed was 
extraordinarily high—84, 95, 96 and 97 per cent. at four different 
places. So complete destruction was due in part to the nature of 
the sites on which these towns were built. In Tokyo the intensity of 
the shock was three times as great on soft soil and ‘‘made ground”’ 
as on the harder ground elsewhere. The effects of this great and 
sudden shock on different kinds of buildings provide useful warn 
ings for the future. Brick buildings crumbled down at once int 
ruins; wooden buildings, of which so large a part of Tokyo was 
built, withstood the shock fairly well but were an easy prey to the 
fires that followed. The modern steel-brick buildings offered 
stout resistance to both earthquake and fire, and it is natural to 
conclude that the new Tokyo and Yokohama will, as far as possible, 
be cities of steel-brick houses. 

Earthquakes can be predicted only in general terms, and the 
soundest basis for this prediction is the statistical record of past 
disturbances. For instance, in Japan, where on the average there 
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are one or two quakes every day, it is not difficult to predict an 
earthquake for the country as a whole. But to indicate exactly 
where and when it will occur is at present impossible. In most of 
the eastern United States, therefore, where earthquakes are so rare, 
even an approximate guess as to time or locality can not be made 
And it is equally hazardous to assert that a disastrous quake will 
never occur. In other words, the earthquake risk varies greatly 
from region to region, and in respect to this risk the eastern United 
States is very favorably placed but is certainly not immune from 
the possibility of a severe shock, which if occurring in a densely 
populated district might prove disastrous. 


+ 


Interest in earthquakes in this country was greatly stimulated 


by the San Francisco disaster, although in Japan the subject 


had been seriously studied for many years. The engineering 
aspects of the subject are now receiving much attention. The best 
types of foundation, the best distribution of weight, the best types 
of construction are all subjects of inquiry. Protection of water and 
gas mains is vital. Important aqueducts and dams in the West are 
being studied with earthquake possibilities in mind. The faults 
of California are being mapped with respect to their past and prob- 
able future activity. 

In closing I wish to call attention to certain social aspects of 
the earthquake problem. There is nothing to be gained by mini- 
mizing the earthquake risk in regions where the risk is high. At- 
tempts to suppress information or discussion or study, on the ground 
that business will be adversely affected, are not only shortsighted but 
useless. Pressure of increasing population is so great and is grow- 
ing so rapidly that all places favorably located for commerce will 
always be thickly populated, and thus business will always be car- 
ried on. Tokyo and Yokohama will be rebuilt. Therefore business 
men should strongly support all earthquake inquiry. Scientific 
earthquake investigation will ultimately properly evaluate risk, as 
statistical data accumulate and as geologic investigation continues. 
Engineering skill will improve construction, structures will be more 
favorably placed with respect to foundations, and materials will be 
better adapted to the stresses that they must withstand under an 
earthquake shock. 

The word seismology, meaning the study of earthquakes, is de- 
rived from the Greek word for earthquake. Instruments to detect 
and measure the intensity and nature of earthquake movement are 
called seismographs. Such instruments are widely distributed over 
the world. The mechanical problem to be solved in order to mea- 
sure earthquake motion is to maintain a point that will remain 
steady while the earth vibrates. Then a suitable pencil attached to 
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the steady point will register the vibration of the earth, if a suitab] 
surface is provided on which this vibration can be recorded. Book 
have been written on methods of doing this. There are many suc 
instruments in the United States and in other parts of the world 

With a number of these instruments supplemented by other dat 
it is possible to locate very accurately the origin of earthqua 
shocks. The practical and theoretical value of the accumulating 
records in seismological laboratories, interpreted as they are wit 
ever-increasing knowledge, is very great. Much is being learn 
that will at least alleviate earthquake disaster, and much is being 
learned regarding the constitution of the deeper portions of t 
earth. 

The Seismological Society of America, with headquarters 
Stanford University, California, is doing splendid work in this cor 
nection. 


WHERE ARE THE STARS? 


By Dr. C. G. ABBOT 


SMITHSONIAN INSTITUTION 


WE see less than 5,000 stars with the naked eye. On clear 
moonless nights, a cloudy belt called the Milky Way encircles th 
heavens. <A telescope shows that this is really a multitude of stars 
It lies in the plane of greatest extension of our heavenly host. A\l- 
though only three or four thousand stars can be seen by the naked 
eye, the telescope proves that there are really thirty or forty billion 
of them, ten times as many, for instance, as there are dollars in th 
budget of the United States government, and twenty times as man) 
stars as there are living people in the world. They do not extend 
indefinitely, but lie in a limited extent of space of the general sha} 
of a watch or lens. How big is it? 

To know that, we have to find a way to measure tremendous dis- 
tances. We begin with the sun. The sun isa star. If he were car- 
ried away to the next nearest star, Alpha Centauri, which is visibl 
in South America, but not in the United States, the sun would be a 
twinkling point of light, and only as bright as Altair. We have to 
know his distance to learn more about the distances of the others 

There are many ways to measure the sun’s distance. They agre' 
so well that there can be no doubt that we know it within about a 
tenth of one per cent. I shall tell you first about the velocity « 
light. Dr. Michelson, now of Chicago, and a winner of the Nobe! 
prize, was a midshipman in our navy when a young man. He car- 
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ried out measurements of the velocity of light here in Washington 
with the late Professor Simon Newcomb. They used a mirror re- 
volving very rapidly at a measured speed. A beam of light, reflected 
by the moving mirror, traveled across the Potomac River, was re- 
flected back, hit the moving mirror a second time, and was reflected 
towards the original source. But while the light traveled. the 
mirror turned. So the reflected beam did not return exactly to the 
source, but a little to one side. From this displacement, they com- 
puted the velocity of light. It came out 186,330 miles per second. 

The planet Jupiter revolves round the sun like our earth. Jupi 
ter, as you may see with a small telescope, has several moons. These 
moons and Jupiter shine by reflected sunlight just as our earth and 
its moon also do. When one of Jupiter’s moons gets behind 


planet, it is eclipsed, Just as our moon is when it gets behind our 


earth, out of sight of the sun. Astronomers find that the eclipses 
of Jupiter’s moons take place 16 minutes 37 seconds later when t 

earth is on opposite sides of the sun from Jupiter than they do 
when we are on the same side. You will see at once that the eclipses 
of Jupiter’s moons occur 16 minutes 37 seconds later because the 
light that tells us when they occur has to travel just the diameter 
of the earth’s orbit further at one of these times than at the other. 

But in 16 minutes 37 seconds there are 997 seconds, and light 
travels about 186,000,000 miles. So the sun is half that distance, 
or about 93,000,000 miles away. This is not the best way to mea 
sure the sun’s distance, but perhaps the easiest to understand. All 
the other good methods give nearly the same result. 

When a surveyor measures a very long distance, he takes two 
stations a convenient known distance apart, and setting his instru- 
ment at both, he measures the angles of his triangle whose thre« 
corners are the two home stations and the distant point. 

In applying this method to measure the distances of the stars, 
the diameter of the earth is too small a base line. But as the earth 
goes round the sun in twelve months, it occupies stations 186,000,000 
miles apart in January and July. Surely that immense distance 
between the home stations ought to be enough. It answers for only 
a few hundred among the stars. With the very nearest star to the 
sun, Alpha Centauri, the total angle it appears to pass over as we 
swing from one side to the other of the earth’s orbit is only 1.6 
seconds of are. This is about the same as the width of a telegraph 
wire seen a half mile distant. The distance of Alpha Centauri is 
about twenty-five millions of millions of miles. It takes light, 
traveling 186,000 miles a second, more than four years to come to 
us from Alpha Centauri, but only eight minutes to come from 
our sun. 
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To measure star distances in this way, astronomers now us 
photography exclusively. They photograph the chosen star against 
his background of very faint stars, which are many times as far 
away. Similar photographs are made at intervals of about six 
months. By exact measurements of the distances of the chosen star 
from his faint neighbors, the little displacements due to the earth’s 
motion are finally determined. But if these displacements are much 
less than 1/100 second of are, they are too small to measure. There- 
fore, there can be no certainty by this surveyor’s method as to star 
distances that require of light more than five hundred years to 
travel. 

This does not begin to get us to the ends of our starry system. 
Nevertheless, just as the distance of the sun gives a starting point 
towards the nearer stars, so their distances give a starting point 
for the rest. It has been a great boon that men like Dr. Schlesinger, 
of Yale; Dr. Mitchell, of the University of Virginia; Dr. Van 
Maanen, of Mount Wilson Observatory, and others have conferred 
by making nearly 2,000 such star-distance measurements in the last 
fifteen years. 

Our sun, with the earth, the moon, all the planets and their 
moons, is traveling about twelve miles a second towards the bright 
northern star, Vega. All the other stars like the sun are traveling, 
too, but in all directions. Refined measurements show these so- 
called proper motions of the stars, but we have to wait many years 
to measure them accurately. A proper motion as large as a second 
of are in a year is very rare. Still thousands of the stars’ proper 
motions are accurately known. Now it will be clear that if a star 
which seemed to move a second of are per year was carried twice as 
far away from us, his motion would then seem to be only a half 
second per year. So the proper motions diminish in direct propor- 
tion as the distances increase. 

If, now, we consider all the stars whose distances have been mea- 
sured, we shall be able to find the average proper motion which suits 
a standard distance. Then, let us group all the stars according to 
apparent brightness. If a large group of stars has an average 
proper motion ten times less than the average proper motion corre- 
sponding to the standard distance, we know that stars of that group 
are ten times the chosen distance away. There are several pitfalls 
to be avoided that I haven’t time to explain, but I’m sure you all 
catch the idea. In that way Professor Kapteyn and his successor 
have found for us the average distances of a group of stars of given 
brightness. 

Working by wholesale like this, we can go as far as we please, 
even to stars so distant that light requires many thousands of years 
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to come to us from them. This is the way the shape of our star 
system has been worked out. It is found to be a flattened disk, like 
a watch or a lens, perhaps 10,000 light-years thick, and 100,000 
light-years in diameter. Still it is not satisfying to have to work 
altogether by wholesale. We need many individual star dis- 
tances, too. 

About ten years ago, Dr. Adams, of Mount Wilson Observatory, 


} 


and his colleagues discovered a powerful method based on the use 


of the spectroscope. The stars give rainbow-colored spectra with 
thousands of dark lines crossing the band of color. Some of these 
dark lines, as Dr. Adams found, vary in their intensity of shade 
according to the absolute brightness of the star that produces them. 
By absolute brightness, I mean the rank a star would have among 
the others if they were all at equal distance. You will ask how Dr. 
Adams could know the absolute brightness. He could know it only 
for stars whose distances had been measured. But there were 
enough of them to show exactly how these sensitive spectrum lines 
change, depending on absolute brightness. 

Very well. Whenever he observed the spectrum of a star, he 


measured the intensity of these sensitive spectrum lines. That 
proved how absolutely bright the star was. Comparing absolute 
brightness with apparent brightness, he could calculate exactly how 


far away the star must be. The great beauty of this method is that 
it makes no difference in its percentage accuracy how far away a 
star is, provided the spectrum can be well observed. With Adams’s 
method, star distances of many thousand light-years are measurable. 

Now we must mention another method very limited in scope, but 
highly important. There is a kind of stars tremendously bright, 
and more massive than our sun, which vary in their brightness. 
They go through a cycle of changes in from one to fifty days. The 
star Delta Cephei, in the northern constellation of Cepheus, is one 
Because of this, these are called Cepheid variables. The distances 
of a good many Cepheids are known. Dr. Shapley, director of 
Harvard College Observatory, found that the average absolute 
brightness of the Cepheid variables was closely related to the period 
of a full cycle of variation. He was able to draw a curve giving 
absolute brightness against period of variation. With this curve, 
one needs only to know that a star is a Cepheid, and the absolute 
brightness can be found immediately from observing the period of 
variation. From this and the apparent brightness comes the dis- 
tance. As the Cepheids vary in brightness in a very special man- 
ner, they can be recognized very readily. 

Besides the stars, there are in the heavens cloud-like objects 
ealled nebulae. Only a few of them can be seen by the naked eye, 
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the largest of these being in the constellation Andromeda. Severa] 
hundreds of thousands of nebulae are visible to great telescopes, 
It has been a question for over a century what sort of objects they 
are. Sir William Herschel suggested them to be island universes. 
that is, other star systems separate from ours. Dr. Hubble, of 
Mount Wilson Observatory, has proved it. 

He photographed the Andromeda nebula. At the outer part, he 
was able to resolve the cloud-like object into a multitude of tiny 
stars. They were all ten thousand times too faint to be seen by 1 
naked eye. He found some of these stars to be Cepheid variables 
By noting their periods, he found their absolute brightness. Com- 
paring with the apparent brightness, he worked out their distane 
They all agreed in giving the distance approximately a million light- 
years. The light by which we see the Andromeda nebula started 
towards us before the glacial period and before there were any n 
onearth. The nebula lies about ten times as far from us as any stars 
in our system. It is another galaxy of stars. If this is so for the 
Andromeda nebula, doubtless it is also the case for many others 
Indeed, Dr. Hubble has already found others equally distant. Many 
of them, which are mere points of light, may require a billion years 
for their light to reach us. 

Consider, if you please, about how important a single human 
individual is. He is one of a race of some two billions, which 
changes every generation, on an earth which is a hundredth part 
as large as the sun. The sun is one of thirty billions of stars, whic! 
altogether make but one out of hundreds of thousands of galaxies of 
stars. Some of these galaxies are probably so far removed that the 
light which reveals them started towards us before the world began. 

I thank you. Good night. 
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THE WATER IN THE ATMOSPHERE’ 


By Dr. G. C. SIMPSON, F.RS. 
DIRECTOR OF THE METEOROLOGICAL OFFICE 
THE dictionary definition of ‘‘saturation’’ is ‘‘the state of a 
body when quite filled with another,’’ and it is usual! to think of 
saturated air as air which is full of water vapor to such an extent 
that further water can not be added without condensation taking 
place. This, however, is a wrong conception, for there is no limit to 
the amount of water vapor which air can contain at any tempera 
ture, provided that it is perfectly pure, except that ultimately the 
molecules of vapor will be so near together that there will be no dis 
tinction between vapor and liquid. 

We will describe air as saturated when the water vapor it con 
tains is in equilibrium with a flat surface of pure water at the same 
temperature. This will define the saturation pressure at each tem 
perature, and relative humidities will be given as percentages of 
this saturation pressure. 

It is well known that water can be cooled below its freezing point 
without becoming ice, and therefore water and ice may exist side by 
side over a large range of temperature. But the vapor pressure 
which is in equilibrium with ice at a given temperature is lower 
than that which is in equilibrium with super-cooled water at the 
same temperature; that is, air is in equilibrium with ice at a rela- 
tive humidity below 100 per cent. Thus, according to our definition 
of relative humidity, the water vapor in air may be in equilibrium 
with water over a large range of relative humidities according to 
the physical state of the water present. 


CONDITIONS FOR CONDENSATION 

It was in 1880 that Aitken first showed that condensation does 
not necessarily take place in air when its temperature is lowered 
below that at which the water vapor it contains is sufficient to satu- 
rate it (dew point). He expanded carefully filtered air and found 
that no fog formed even when there was considerable supersatura- 
tion. Aitken concluded ‘‘that vapor molecules in the atmosphere do 

1 Prepared for the Handbook to the Exhibit of Pure Science, arranged by 
the Royal Society for the British Empire Exhibition. 

2 Abstracted from Nature. 
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not combine with each other, that before condensation can take 
place there must be some solid or liquid nucleus on which the vapor 
molecules can combine, and that the dust in the atmosphere forms 
the nuclei on which the water vapor molecules condense.”’ 

Aitken invented a most ingenious instrument, easy to work and 
very transportable, by means of which it is possible to count 
number of nuclei present in the air. Tests made with this instru- 
ment show that nowhere is air free from nuclei. Their number i: 
seldom less than 100 per ec, while in most country places the nuc| 
rise to thousands, and in cities such as London and Paris the num- 
ber may be so great as 100,000 to 150,000 per ee. 

The general explanation of these observations is as follows. | 
there were no dust particles present the drops of water would hav 
to be built up from aggregates of water molecules; if a few mol 
cules met together by chance, they would form so small a drop that 
it could not exist unless there was large supersaturation. If, how- 
ever, there were dust particles present the molecules of water would 
be deposited on them, and the radii of the initial drops would be s 
large that little supersaturation would be required to maintain 
them. 

This explanation appeared to satisfy every one for a long tim 
In 1912, however, Wigand found that even when he created larg 
clouds of dust he could not find any increase in the number o! 
nuclei in his condensation apparatus. Apparently Aitken’s instru- 
ment does not measure the number of dust particles present, but th 
number of hygroscopic particles, and meteorologists are now o! 
opinion that condensation commences on these hygroscopic sub- 
stances. 

Kohler, working in Norway, is tempted to contend that sea-sal! 
provides these particles. It is, however, not necessary to go so far 
as this, for there are many other sources of hygroscopic substances. 
Lenard and Ramsauer have shown that sunlight—probably only th: 
ultra-violet part—acts on the oxygen, nitrogen and water vapor ‘ 
the atmosphere, producing very hygroscopic substances. 

Large quantities of material capable of becoming condensation 
nuclei, however, are produced by all processes of combustion. Thus 
the household fires and factory chimneys of centers of industry pro- 
duce vast quantities of nucleus-forming material, chief of which is 
sulphurous oxide. This, when illuminated by sunlight in the atmos- 
phere, is a very hygroscopic substance capable of causing conden- 
sation in unsaturated air. It is estimated that in England something 
like 5,000 tons of sulphur are burnt each day in coal fires, giving 
enough sulphur products to pollute the atmosphere from Land's 
End to John o’ Groat’s. Other products of combustion are also 
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hygroscopic; thus it is not surprising that air from large industrial 
centers contains enormous quantities of nuclei. 

When the temperature of the air is below the freezing point, 
it is inconceivable, owing to the small amount of vapor present, 
that condensation will take place by the fortuitous meeting of mole 
cules; some kind of nuclei therefore will be necessary. 

When sledging in the Antarctic with Captain Scott in 1911 we 
became enveloped in a fog during sunshine. On the fog opposit 
the sun we saw a white bow in the position usually occupied by a 
rainbow. This phenomenon can only be explained on the assumption 
that the fog was composed of small spheres. But the temperature 
was — 29° C. (— 21° F.) and almost a dead calm existed at the time; 
hence these drops could not have formed at a high temperature and 
then been super-cooled. The only explanation appears to be that 
in the clear air of the Antarctic, where there are no ‘ 
ticles suitable for condensation available, there are plenty of hygro- 
scopic molecules of some sort. 


‘dust’’ par 


HAZE 

Perfectly pure air is almost completely transparent to visual 
light waves, and if the air were always pure we should see distant 
objects through air almost as clearly as through a vacuum. But 
there are always more or less particles of foreign matter present. 
The action of these particles is twofold: first, they reduce the 
amount of light reaching the eye from distant objects; and, sec- 
ondly, in the daytime they scatter the general light of the sky and 
so send to the eye extraneous light which reduces the contrast be- 
tween distant light and dark objects on which visibility depends. 
Generally this foreign matter consists of a mixture of solid ponder- 
able particles and hygroscopic molecules. In perfectly dry air the 
latter would be practically invisible, but when loaded with water in 
a humid atmosphere they add to the obscurity of the atmosphere. 

Haze is due to this kind of obscurity, and varies in intensity 
from the slight obscurity of polar regions, which depends almost 
entirely on the hygroscopic particles, to the dense obscurity of a 
dust storm in tropical regions, which is due almost entirely to solid 
particles. 


Mist 


If the temperature falls below the dew point, the hygroscopic 
particles are sufficiently large to form excellent nuclei for conden- 
sation, and relatively large amounts of water are deposited for small 
falls of temperature. 

Real condensation has now commenced and the obscurity 
changes from that of haze to that of mist. The whole process of 
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the formation of haze and mist is continuous, but they are funda. 
mentally different, for haze owes its origin to foreign matter and 
the small amount of water associated with hygroscopic nuclei, whi), 
mist is due to an actual precipitation of water from vapor to liqu 


Foe 


There is no fundamental difference between mist and fog 
most cases fog is only a dense mist, and the density at which 1 
becomes fog is a matter of definition. It is now the practice of t} 
London Meteorological Office to limit fog to the obscurity in v 
objects at 1 kilometer are not visible. 

When mist and fog are formed in fairly clear air they are wi 
On the other hand, if the air contains a large quantity of impuriti 
such as carbon particles from imperfect combustion, the mist | 
ticles absorb the impurities and become themselves dark-colored. 
this way are formed those dense fogs in London which are likened 
to pea soup. It was originally thought that the density of a Lor 
don fog was due to the fact that the smoke of the city provid 
unusually large number of nuclei on which condensation could 1 
place, thus offering a temptation to the air to deposit its moist 
which it could not resist. As a matter of fact, there are 
sufficient nuclei in the purest air in England to allow of the for 
tion of fog whenever the meteorological conditions are suitable 

The relationship between smoke and fog is peculiar, and maj 
be said to be accidental. The meteorological conditions which are 
necessary for the formation of fog are such that while they last 
smoke can not get away either vertically or horizontally from th 
place of its origin. Thus during a fog practically all the sn 
which London makes is kept over it and within a few hundred feet 
of the ground. This smoke, combined with the deposited water, 
can, as we all know, produce such an obscurity that midday is 
dark as midnight. The total abolition of smoke from London w 
not reduce the occasions on which mist and fog occur, but many 
fogs would remain mists, and we should never have a ‘‘ Lond 
particular.’’ The fogs of London are caused almost entirely | 
loss of heat from the lower layers of the atmosphere into a clear 
sky above. The air radiates its heat, its temperature falls, and 


r 


condensation takes place. Other methods of fog formation, such 


as the mixing of warm and cold air, are of secondary importan 
and never give rise to more than patchy local mists or light fogs. 


CLouDs 


When air not saturated rises in the atmosphere its temperature 
is reduced by about 1° C. for every 100 meters of ascent. When 
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the ascent is carried far enough the dew point is reached, after 
which any further rise will cause condensation on the nuclei pres- 
ent. As the ascent is carried beyond the point of condensation 
more and more water is deposited, with a consequent increase in 
the size of the drops. This is the manner in which clouds are 
formed, and there are very good reasons for saying that it is the 


y 


only way. Thus there is a fundamental difference between the 


method of formation of clouds and fogs: fogs form without any 
ascent of the air, while clouds are never formed without it. Thus 
it is not correct to describe clouds as fogs of the upper atmosphere. 

The very sharp line of demarcation between the air under a 
cloud and the cloud itself needs explanation. The hygroscopic 
nuclei collect more and more water around them as they rise with 
the ascending current, owing to the increase in relative humidity 
But when saturation is reached they are still very small, and pro- 
duce little obscurity in the air. Such drops, however, need only 
1 per cent. supersaturation to grow. Moreover, they are unstable, 
for as they grow they need less supersaturation. Thus, as soon as 
the air is sufficiently supersaturated to be in equilibrium with the 
nuclei, the slightest further rise causes the drops to grow very rap- 
idly to the size in which they are in equilibrium with saturated air. 
The height at which this change occurs is the height of the base of 
the cloud. 

Ran 


When bodies fall through a resisting medium, such as air, they 
more or less quickly reach such a velocity that the resistance of the 
air equals the pull of gravity, after which they fall with a constant 
velocity, which is different according to the density and shape of 
the falling bodies. 

Experiments have been made to determine the rate of fall of 
water drops through air at atmospheric pressure, and they show 
that the small drops in clouds would fall only at the rate of a little 
over a centimeter a second. As the drops get larger the rate of fall 
tends to a constant value of about 8 meters a second, while drops 
half a centimeter in diameter have the most rapid fall. Larger 
drops fall more slowly ; for instead of retaining the shape of spheres 
they became flattened out, thus presenting an increased resistance 
to the air through which they are falling. When the size of the 
drop is such that, if it were not flattened it would have a diameter 
of about half a centimeter, the drop becomes very unstable, and all 
drops larger than this quickly break up into a number of smaller 
drops, which of course fall more slowly. This means that rain- 
drops can never fall through air at a greater velocity than 8 meters 

Vol. XX.—40 
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asecond. Small drops fall slower than this, and large drops flatten 
out as soon as they are falling at 8 meters a second, and then soon 
break up into smaller drops. 

W. H. Dines has found that in Europe the quantity of vapor in 
air is always very small. If the whole water vapor in the atmos. 
phere on an average summer day were precipitated it would only 
give a total rainfall of 0.80 in. The greatest amount ever measur d 
on a summer day in Europe would only give 1.5 in. of rain, and, 
of course, the quantity is much less in winter. Rainfall of several] 
inches of rain in the course of an hour or so such as occurs in thy 
tropics is due to ascending currents which carry with them their 
own water vapor to supply the rainfall. Ascending currents up t 
many meters a second are possible, and do occur in the atmospher 
Let us think of air rising at about 10 em per second, which is the 
order of the upward velocity of the air in depressions. At a certain 
height cloud particles form as already described. These have a 
radius of about 0.001 em and fall relatively to the air at 1.3 em per 
sec.; hence they are carried upwards with the air, but the base of 
the cloud remains at the same height because new cloud particles 
are constantly being formed at that height. As the air rises the 
cloud particles grow in size, because water is being condensed on 
them, and they lag more and more behind the air. Drops with a 
radius of 0.002 em are falling as rapidly as the air is rising, and 
therefore remain stationary, while drops of 0.007 em are fallin 
at the rate of 1 meter a second, and therefore fall through the rising 
air and appear at the earth’s surface as rain. This process will 
continue so long as the ascending currents continue, and in this way 
we get the continuous steady rain with which we are so familiar in 
this country. 

When the upward velocity of the ascending air becomes greater 
than 8 meters a second, no water can fall through the ascending air 
for the reason already explained. All water condensed in such 
an upward current—and it will be a very large amount—is carried 
upwards until the upward air velocity falls below 8 meters a sec- 
ond, as it is bound to do at some height owing to lateral spreading 
out. Here water accumulates in large amounts. It is the sudden 
cessation of the upward velocity in such an ascending current which 
gives rise to the so-called cloud-bursts; for when the sustaining 
current stdéps, the accumulated water falls just as though the cloud 
had literally burst. 

The accumulated water while it is suspended in the air is con- 
stantly going through the process of coalescing into large drops, 
which at once become deformed and broken up again into small 
drops. Every time a drop breaks there is a separation of elec- 
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tricity, and this is probably the chief source of electricity in a 
thunderstorm. This explains why thunderstorms are associated 
with heavy rainfall and do not occur in polar regions, where there 
is no rain. 

Harn 

Let us consider a region in the atmosphere through which there 
is an ascending current of air. The air is supposed to have a 
temperature of 20° C., and a relative humidity of about 50 per 
cent. at the ground. As the air rises, at first its temperature is re- 
duced by 1° C. for each 100 meters of ascent. Hence by the time 
it has risen 1,000 meters its temperature will have been reduced to 
10° C., and it will have reached its dew point. Here the cloud 
level begins. As it rises still further its temperature continues to 
decrease, but not so rapidly as before, because the condensation 
of water vapor releases the latent heat of vaporization. It reaches 
0° C. at a height of 3,000 meters. Hence the region between 1,000 
and 3,000 meters contains only drops of water. As the air rises 
above 3,000 meters the temperature falls still lower, but the water 
particles do not freeze at once, they remain super-cooled. We may 
assume that at —20° C., which is reached at about 6,000 meters, 
the super-cooled drops solidify and the remaining part of the cloud 
above this level is composed of snow alone. 

There will not be a sharp division between the region of super- 
cooled water and the region of snow. For a certain distance ice 
erystals and super-cooled water will be mixed together. Such con- 
ditions are very unstable, the ice particles grow rapidly, and, if the 
ascending current is not too large, they will commence to fall. It 
has, however, to fall through 3,000 meters of super-cooled water 
drops, and in doing so grows appreciably in size. As each super- 
cooled water particle strikes the ice it solidifies, and also imprisons 
a certain amount of air, so that by the time the ice particle reaches 
the bottom of the super-cooled region, it is simply a ball of soft 
white ice. 

If the descent through the super-cooled region has been fairly 
rapid, the temperature of the ice ball will be considerably below 
the freezing point when it arrives in the region where the tempera- 
ture is 0° C., and the cloud particles are not super-cooled. As it 
continues its way downwards it receives a considerable addition of 
water: in the first place by direct deposition, because it is colder 


than the air; and, secondly, by collision with the water particles. 
This water covers the surface of the cold ice ball with a uniform 
layer of liquid which quickly freezes into clear solid ice, with little 
or no imprisoned air. Finally, the ice escapes from the bottom of 
the cloud, and falls to the ground as a hailstone. 
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When hailstones are split open to show their internal structure. 
we can nearly always see the inner soft white mass of ice which wag 
collected while the stones were in the super-cooled region, sur. 
rounded by a layer of clear transparent ice formed by the freezing 
of the water deposited when the stone was passing through the non. 
super-cooled region. 

Hailstones are formed only during thunderstorms, when violent 
ascending currents of air occur. Thus, while the hailstone is grow. 
ing in size, its rate of fall may well be less than the upward ve! 
of the air. All the time, however, it will be moving relative; 
the air, and its effective height of fall will be great. This w 
enable it to collect water, and so would account for the large six 
often attained by hailstones. Moreover, such an ascending curren 
is not steady. Just as there are gusts and lulls in horizontal winds 
so there are increases and decreases in the velocity of ascending « 
rents. Thus a hailstone which has penetrated into the lower part 
of the cloud might be blown upwards and so go through the whol 
process again. In this case we should have a layer of white ; 
deposited around the clear layer, around which again there w 
be another layer of clear ice. This process might be repeated 
definitely, giving several concentric layers of clear and white i 
and a broken stone would have the appearance of an onion. Suc! 
eases are not at all uncommon. 


(a) The clouds must extend through a great vertical height s 
that the three regions of water particles, super-cooled particles and 
snow are extensive and well developed. 

(6) -There must be violent ascending currents, otherwise t! 
stones would fall too rapidly to grow to a large size. 

These conditions are best fulfilled in warm regions, for t 
violent ascending currents are most easily developed, and the co! 
densation starts at a relatively high temperature, so giving regio! 
of water particles and super-cooled water particles of great dept 
These are the reasons why hailstones only occur during the sun 
mer in temperate regions, and why the most violent hailstorms and 
the largest hailstones are found in tropical regions. 


Sorr Har 


The hailstone receives its coat of clear transparent ice in the 


} 
ther. 


region between the bottom of the cloud layer and the zero isoth 
mal. If this region is much reduced, as when the temperature at 
the ground is low, the hailstones are relatively small, and consist 


only of the soft white balls appearing in the center of the m , 


complete hailstones. 
common in the winter in Europe. The temperature of the ascenc- 
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ing current is so low that the freezing point is reached almost at 
the bottom of the cloud, so the hail falls almost immediately out 
of the region of super-cooled water particles, and has no oppor- 
tunity for building up a layer of transparent ice. 


SNow 


Snow which forms over an ascending air current in which water 
particles first form will probably have solidified cloud particles for 
nuclei. Whatever the nuclei may be, as soon as the initial crystals 
are formed further condensation takes place exactly as in the pre- 
cipitation of water, but the vapor condenses directly into the solid 


state without first going through the liquid state. The crystals of 
water are hexagonal prisms. Having once started, the crystals 
may grow either along their central axis, giving rise to long thin 
prisms, or along their six axes to form hexagonal plates, showing 
all the wonderful shapes that this form of crystallization can take. 

In cold regions the crystals are small, because there is little 
water vapor present from which they can grow. In the Antarctic 
during the winter, when the temperature was always near or below 
0° F., only the smallest crystals were seen, so small that they were 
almost like dust. 

When crystals form at temperatures near the freezing point 
they grow to their largest size. When the air is full of large erys- 
tals frequent collisions take place. The crystals become interlocked 
and bundles of many separate crystals are formed; these produce 
the ordinary snowflakes which, on account of their size and weight, 
fall relatively rapidly. It is to these latter that the term snow 
should be applied. 


WEATHER FORECASTING 


By Lieutenant-Colonel E. GOLD, D.Sc., F.R.S. 


THis note treats only of weather forecasts for relatively short 
periods and leaves entirely aside forecasts of the character of sea- 
sons or years. Broadly speaking, there are three processes which 
a weather forecaster must take into account in his prediction. 

(a) The travel of weather from one place or region to another. 

(b) The development of weather in moving air. 

(c) The development of weather at a place or in an area conse 
quent upon orographical features, such as hills or coast-lines. 

Hills may produce cloud and rain; they may get snow when 
lowlands get rain; they may be in fog when the lowlands are clear; 
they may get gales when the lowlands get only fresh winds. At the 
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coast, temperature may be low in summer when it is very hot inla; 
or mild in winter when there is frost inland; there may be fog 
summer when it is clear inland, or thunderstorms in winter wh 
there are none inland. The coast-line is also a line of discontinuity 
so far as the resistance to atmospheric motion is concerned, and 
that account it modifies the normal development of a cyclone 

The meteorologist at a central institution is better situat 
dealing with the problems presented by (a) and (b) than a met 
ologist at a local sub-office ; but the latter has a very definite advyan- 
tage in regard to (c) so far as the locality in which he is situat; 
is concerned. 

The idea underlying the method by which the problem of 
casting has been attacked is that the problem is one of mathemat 
physics, and that if we knew exactly what the physical condit 
the atmosphere is at a given instant we could, theoretically at leas: 
deduce what the conditions would be at subsequent times. Accord 
ingly as much information about the weather existing at a 
instant at different places over as wide an area as possible is ¢ 
lected rapidly at a central institute. 

The actual problem can not be solved in exact mathemat 
fashion ; but its explicit formulation and the application in present 
day forecasting of the general mathematical and physical princip! 
involved in the solution of the idealized problem do mark a definit: 
advance beyond the pure empiricism of the earlier forecasters. 

The organization in Europe by which the collection of infor 
tion is made has grown rapidly since the war. In each country t! 
observations from a selection of stations are issued by wireless tel 
raphy according to a prearranged time-table; these issues 
received at the Air Ministry, and the observations are plotted 
maps to enable the forecaster to get a rapid’ view of the exist 
situation. This is done three times daily (7 A. M., 1 P. M. a 
P. M. Greenwich time), and a smaller collection of information 
also made in the night (1 A. M. Greenwich time). The informat 
from each observing station includes pressure (barometer) ; te! 
perature; humidity; direction and force of the wind; existing 
weather and general character of the weather since the preced 
report; form, amount and approximate height of cloud; visi! 
or distance at which objects can be seen; and the manner in w! 
the barometer has been changing in the preceding three hours. 


EARLY FORECASTING 


y 


The dominant idea in British forecasting used to be the ti 
of weather, and efforts were mainly directed to discovering how th 
path of weather could be foretold. It was found from the earliest 
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studies of synoptic weather charts, some fifty years ago, that the 
two outstanding features were cyclones or regions of low barometer, 
and anti-cyclones or regions of high barometer. Broadly, the first 
were associated with windy and wet weather, and the second with 
quiet dry weather. If the coming of windy and wet weather can be 
forecasted correctly, then, ipso facto, quiet and dry weather can 
also be forecasted. It seemed therefore fundamental to understand 
the distribution of wind and weather in the area of a cyclone, and 
this was formulated by Abercromby some forty years ago in a gen- 
eralized way. Upon this and the analysis by van Bebber of the 
paths of depressions at different seasons, forecasts were mainly 
based. A cyclone was indicated by readings of the barometer, its 
path and speed of translation were estimated, and the sequence of 
weather to be expected at any place could then be written down 
more or less accurately. 

It was indeed recognized that deformation of the cyclone might 
occur, and that a bulge of the isobars, usually at the southern ex- 
tremity, might have the features of wind and weather appropriate 
to a cyclonic entity without necessarily having the closed isobars, 
although in some cases it might have them, too. Such bulges came 
to be called secondaries. It was also recognized that cyclones dif- 
fered considerably among themselves in regard to the actual distri- 
bution of weather, but there was no satisfactory physical explana- 
tion of the variations: they could only be forecasted for a region to 
which the cyclone was moving, when their existence was indicated 
in the actual reports from the region where the cyclone was then 
situated. 

The manner in which the barometer changed was always recog- 
nized to be of importance, but it was not until the introduction of 
relatively cheap self-recording aneroid barometers (barographs) 
that the significance of these changes was more fully appreciated. 
The first great step forward in modern forecasting since 1885 came 
in 1908 with the introduction into the reports from observing sta- 
tions of a precise indication of the character and rate of change of 
the barometer. From that time the forecaster knew, not merely if 
the barometer was rising or falling, but also the rate at which it 
was rising or falling; he also knew the character of the curve of 
variation for the preceding three hours; he knew, for example, if 
the barometer had been steady and had commenced to fall, or if it 
had been falling continuously, or if it had been falling and had 
commenced to rise. 

This information facilitated considerably the task of estimating 
the travel of weather, but it contributed also to the solution of prob- 
lem (b) and made the prevision of the development of secondaries 
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more certain; or, what is, perhaps, a more important point, it ep. 
abled longer warning of these developments to be given. Stil] jt 
was mainly from the point of view of the ‘‘travel’’ of weather that 
this and other improvements were effected and only a little light 
was thrown on development. 


SIGNIFICANCE OF CLOUD MOVEMENTS 


Another advance was made about the same time when it was 
proved that the direction and speed of the wind at heights between 
about two thousand feet and five thousand feet could be found very 
simply from the charts of isobars with practically the same degree 
of accuracy as that reached by wind-measuring instruments. It 
had been proved that if the motion of the air were ‘‘ 
would be the case; but it was not until the present writer verified 
in 1907 the agreement of the hypothetical values with actual records 
at heights of one thousand five hundred feet and three thousa: 
feet, that it was imagined that the motion could be steady enough 
for the calculation to be of practical value. 

This result has applications in the whole field of practical 
meteorology. Its bearing on forecasting may be seen by consider 
ing that clouds travel and are most important features of weat 
and that a means of knowing the direction and speed of the ai: 
heights comparable with those of clouds permits of greater p: 
cision in regard to the time at which weather changes will arri\ 
at a place. 

A further step forward was made when observations of t 
perature at different altitudes came to be available in time for us 
by the forecaster. Such observations are essential to a proper un- 
derstanding of the general meteorological situation; they are espe- 
cially valuable in connection with the problem of ‘‘development 
(b). Their usefulness in two special directions may be illustrated 
as follows: 

(a) The temperature of the upper air practically sets an effe 
tive limit to the maximum temperature which can be reached at t 
ground in the daytime. If, for example, the temperature at | 
thousand feet is 25° F., then the temperature at the surface can ! 
rise above 55° F., as a result of a day’s sunshine; and if the air 
damp as well as cold, the temperature at the surface will not ris 
above 45° F. 

(b) A high temperature in the upper air limits the development 
of vertical motion and the consequent production of cloud. If, for 
example, the temperature at ten thousand feet is 50° F., and de- 
creases only slowly at higher levels, then there can be no develop- 
ment of cloud above the ten thousand feet level unless the surface 


steady’’ t 
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temperature rises above 85° F.; if the temperature at five thousand 
feet is also 50° F., then the surface temperature can not rise above 
80° F., and it is impossible to get the thick cumulo-nimbus clouds 
of thundery weather without the influx of entirely different air. 

One of the most recent developments, a contribution from 
France, is essentially an extension of the principles enunciated by 
Aberecromby. The atmosphere, at least in temperate latitudes, may 
be divided into regions of cloudless weather and regions of cloud. 
A region of cloud consists of a central core of thick cloud and wet 
weather ; in passing from the core to the fine weather area, the cloud 
experienced depends upon the direction in which the transition is 
made. 

In front of the 
are cirrus clouds (mare’s tails); nearer the ‘‘core’’ these are ré 


‘ 


‘core,’’ on the outer edge of the cloud region, 
placed by cirro-stratus or a veil of whitish cloud covering the whole 
of the sky; just in front of the rain area is alto-stratus or a thick 
veil of grey cloud. On either side of the ‘‘core’’ are cirrus and 
eirro-cumulus (mackerel sky) or alto-eumulus. Behind the ‘‘core’’ 
are again occasionally cirrus clouds, but generally alto-cumulus and 
cumulo-nimbus (thunder cloud), giving showers or thunder-showers 


> 
, 





DIRECTION or MOTION 


Fic. 1. Cioup REGIONS 


and bright intervals. The diagram, Fig. 1, is a rough illustration 
of a cloud region as conceived in the French system. Actually there 
are, in individual cases, many divergences from this generalized 


representation. 

The ‘‘eore’’ is the dominating feature and, once it has been 
identified and its limits observed, forecasting becomes a simple mat- 
ter, if, as the French believe, the motion of the ‘‘core’’ is not at- 
tended with the uncertainty of the motion of the center of a depres- 
sion, but is practically identical with the speed and direction of the 
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Fig. 2. IDEALIZED CYCLONE 


wind at about ten thousand feet. The ‘‘core’’ may be associated 
with a cyclonic depression, but it may also arise wherever there is 
a tendency for the formation of a secondary—i.e., wherever there 
is an area over which the change of the barometer relative to the 
change in surrounding regions is generally downwards. 


Tue THEORY OF THE POLAR FRONT 


Undoubtedly the greatest recent advance is that associated wit! 
the name of V. Bjerknes. Like a poet, he has turned to shape t! 
ideas, latent in the minds of forecasters and physicists, or suggested 


+ 


+ 


tentatively, as in Sir Napier Shaw’s diagram of the constituen 
parts of a cyclone, in which he shows a cold east eurrent, a cool 
cold west current, and a warm south current, as making up a 
cyclone. 

Bjerknes’ theory is briefly as follows: 

The polar regions are covered by a mass of cold air, and the 
tropical regions by a mass of warm air. There is not a continuous 
change from the cold air to the warm air, but the two masses are 
separated by a surface of discontinuity—the polar front. Cyclones 
develop at this surface of discontinuity and constitute the mech- 
anism by which interchange takes place between the cold air and 
the warm air. Each cyclone consists of two sectors, a warm sector 
of tropical air and a cold sector of polar air. The warm air pushes 
the cold air in front of it, and at the same time rises over the cold 
air; the cold air behind the warm sector pushes underneath the 
warm air, so that normally the warm sector is being reduced in area 


and is lifted upwards. 


oO! 
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Fic. 3. Lire CYcLe or a CycLo> 


In the inner area of a cyclone, the cold air may, and often does, 


Is cut 1n two. 


get right round, with the result that the warm sector 
The result 


The eyclone itself then begins to diminish in intensity. 
is a transposition of the polar front and a new cyclone or secondary 
usually forms with the remainder of the warm sector and the trans 
posed polar air as its constituents. 

The diagram, Fig. 2,’ illustrates the structure of a cyclone. 


shaded part is the area of rain (or snow), and the sections at the 


Bijerknes and H. 


The 


1 Figs. 2, 3 and 4 are reproduced from a paper by J. 
polar front theory of atmos 


Solberg, entitled ‘‘ Life cycle of cyclones and the | 
pherie circulation.’’ 
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Fic. 4. FORMATION OF A SECONDARY CYCLONE SIMULTANEOUSLY WITH 
SECLUSION OF THE ‘‘ MOTHER CYCLONE’’ 


top and bottom of the diagram are vertical sections through 
cyclone to the left and right, respectively, of the path at the center 

The normal birth, life and death of a cyclone are illustrated 
Fig. 3. It shows a cold easterly current and a warm westerly 
current in juxtaposition. The cold air begins to bulge southwards, 
and the warm air northwards in (b). In (c) a cyclone has formed, 
and (d), (e), (f) show successive stages, until the whole of t 
warm air has been lifted above the cold air. The cyclone graduall; 
dissipates, as indicated in (g) and (h). 

In Fig. 4 the formation of a secondary is shown. The cold air 
in front of the line of discontinuity can not move away quickly 
enough; it gets dammed up, and some of it begins to flow backwards 
and so produces the conditions requisite for the development of 
cyclones. 

In its broad features the theory of Bjerknes is in accordance 
with the facts of observation and the laws of physics. Further in- 
vestigations of the upper air will elucidate some points of difficulty 
and will possibly necessitate modification in details. The outstand- 
ing advantage of the theory is the light which it throws on ‘‘devel- 
opment.’’ By its aid the forecaster can now see how an existing 
eyclone will develop; whether it will go on increasing in intensity, 
or if it will become stationary and fill up; he can also see where a 
new cyclone is likely to develop before any actual development has 
commenced. Our knowledge of process (b), development of 
weather, is now nearly, if not quite, as good as our knowledge of 
process (a), the travel of weather. Bjerknes has acknowledged his 
debt to previous investigators, notably Margules and Sir Napier 
Shaw ; but the glory of the architect’s work is increased rather than 
diminished by the excellence of the bricks which others had made 
ready for the building. 
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PROSPERITY AND POWER 


By Professor SUMNER B. ELY and Professor WALTER F. RITTMAN 


CARNEGIE INSTITUTE OF TECHNOLOGY AND CONSULTING ENGINEERS TO THE 
PENNSYLVANIA GIANT POWER SI 


THERE have been several articles written in the last few years 


giving estimates of the future growth of the population 


United States—what the saturation point is and how long it will 
take to reach it. These articles have generally assumed that vari- 
ous checks will hinder this growth. In most cases the food supply 
has been taken as the only limiting factor; but none of them seemed 
to consider that our industrial prosperity depends on power gen 
erated in the community and that this phase of t 


} . ; 
he question must 


not be neglected. 

Of course, if we are to consider that the United States is in the 
same class as China or India, then perhaps the doctrine of Malthus 
ean be applied and everything put on the basis of food supply; and 
it is conceivable that some time in the future the population of the 
United States might have deteriorated to such a condition. But 
long before this is likely to happen the industrial prosperity of the 
United States would have gone, and so it is of great interest to 
know how long the industrialism of the United States can last 

There seems to be a prevalent idea in the minds of many per 
sons that the great wealth of the United States is due to its farms 
and the statement is often made that when we have bumper crop 
we have boom years. It is interesting to note the United States 
Census figures given in Table I, which indicate that the manufae 
tures are several times the value of the farm products. The year: 
1919 and 1921 have been chosen for illustration, because, while ther 
is considerable difference in the figures for the two years, yet they 
show the proportion between farm products and manufactures to 
vary but little. We are not concerned with intrinsic 


TABLE I. VALve OF THE FARM AND MANUFACTI 
UNITED STATES FOR THE YEARS 1919 
Farm Products 1919 
Value of crops produced $15,400, 
Value of live stock products 


Manufactures 
Finished value 
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there may be some difference of opinion as to the exact interpreta- 
tion to be put on these figures; but they show beyond a doubt th 
our material prosperity is dependent in large measure on our manu- 
factures. Our manufactures in turn are dependent on our ability 
to generate power, and if the United States is to go on increasing 
in population and at the same time maintain its prosperity, then 
power must increase and develop with the population. 

The Giant Power Survey definitely indicated the trend of devel- 
opment in manufacture to-day. For the production of power both 
fuel and water are necessary. In the past each manufacturing 
establishment generated its own power within its own walls; and 
if this is to continue, as the country becomes more and more settled, 
it will involve an increase in railroad facilities for handling fuel; 
but what is much more important it would be but a comparative); 
short time until all the available water sites were occupied. A loca- 
tion at a coal mine mouth is less important than the water site, 
because fuel can be brought toa plant. In other words, water seems 
to be the limiting factor rather than fuel. 

Fortunately the solution for these difficulties is at hand, now 
that the electric wire has displaced the belt. Power is now trans- 
mitted to almost any distance and the manufacturer can locate his 
plant independently of power-generating conditions. The possibl 
size of the central electric generating power plant, located strate- 
gically as to coal and water supply, is nearly unlimited ; and it can 
sell power to the manufacturer cheaper than he can generate it. 


? 


Fig. 1 shows how purchased electric power is displacing individual 
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power generation in the industries of Pennsylvania. In other 


words, power in manufacturing is becoming as much of a commod- 
ity to buy and sell as raw material. 

Fig. 2, reproduced from the Giant Power Survey Report, shows 
that manufactures are already moving away from congested cen- 
ters. This chart was made by dividing the cities of Pennsylvania 
into three groups and plotting, first, the sum of all the manufactur- 
ing power in cities having over 50,000 population; second, the sum 
of the manufacturing power in all cities from 10,000 to 50,000 popu- 
lation; and, third, the manufacturing power in small towns and 
areas Outside corporate limits. 

It will be noticed how much steeper the line for the communities 
of less than 10,000 population is. These facts afford a striking 
illustration of how much faster the power consumption is increasing 
in small communities, as contrasted with the big city. A map of 
the state of Pennsylvania, having plotted on it the density of indus- 
trial power in each county, will show large areas in the central por- 
tion of the state where there is little or no manufacturing. Now, 
however, that power from large interconnected electric stations is 
becoming available, these areas are beginning to develop industries; 
and it is thus possible for the number of Pennsylvania’s manufac- 
turing plants to increase to a tremendous extent. 

Therefore, as the installations of power stations increase 
throughout the United States, the country will tend to become a 
network of wires; and should this happen, industrial plants and 
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manufactures could increase almost without limit. It becomes, then, 
a very interesting question as to where all this power could come 
from and how long it could be maintained. 

The first power that man used was undoubtedly his own 
strength. It has been estimated that the average man is capable of 
doing 3,500 foot pounds of work per minute and that he can main- 
tain this rate of work for eight hours. On this basis it would take 
the enormous number of 2,274,000 men to do the same work as one 
of our 60,000 kilowatt steam turbine units running continuously 
When we think of the small space that this machine occupies, t 
absurdity of operating an industrial community on man power 
evident; to say nothing of the many other objections. 

The same is true of animal power. A picture has come dow 
to us from the middle ages that shows a prodigious number of mer 
and horses gathered together in a large field to perform some suc 
work as raising a large monolith. To make these men and animals 
work effectively together must have been a very difficult undertak 
ing. Contrast this with the Liberty motor built during the war for 
aeroplane service. This motor is rated at 400 horse-power and occ 
pies about the same space as one horse. Its work output is und 
the most perfect control. 

Wave power, tide power, wind power and sun power can all | 
put in the same class. They have all been tried and all prov 
unsuccessful. The chief reason is that the power is too diffuse. I 
would take an enormous platform riding on the waves to generat: 
even a small horse-power. Large greenhouse-like structures have 
been built to gather the sun’s rays; but the power obtained \ 
very small for the very large outlay. Parabolic mirrors have | 
placed around a boiler, but have been unable to raise steam, muc! 
if any, above atmospheric pressure. It is true that by the use 
proper condensing apparatus some power could be obtained; but t 
develop, by this means, the enormous horse-powers needed to 
is out of the question. Since the days of Archimedes various « 
vices have been tried to utilize these forms of energy, but they ar 
totally inadequate and far too uncertain for industrial purposes. 

Late investigation seems to indicate that voleanoes, hot springs 
ete., are local, and that the internal heat of the earth may be : 
myth. If it exists, perhaps some day we can tap it; but at present 
we must realize that water-falls and fuel are our only two real 
sources of power. The greatest part of the sun’s energy coming to 
the earth is consumed in heating the atmosphere and in evaporating 
water. A small part of this is recovered from the rain of clouds 


falling on high ground and the energy of flowing water results; and 
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hence our water power. That portion of the sun’s energy that 
goes into vegetation has some power possibilities, for wood and other 
vegetable matter make good fuel. Our wood supply, however, is 
being used up some five times faster than it is being replenished 
by new growths. Possibly certain plants might be grown each year 
from which oil canbe extracted which could be used as fuel. How- 
ever, our real source of supply is that portion of the sun’s energy 
that went into vegetation in ages past and is now locked up in the 
form of coal. 

Let us consider the water power possibilities first. The United 
States Geological Survey estimates that the potential water power 
resources of the United States are about 55,000,000 horse-power, 
available 50 per cent. of the time; of this only about one fifth has 
so far been developed. From these figures, if the water power were 
all developed, it would produce 242 billion horse-power hours per 
year. 

The actual requirements of the country are given in Table II 
for the year 1922. The industrial figures of the table were obtained 
by applying the known load factor of Pennsyl\ ania to the installed 
horse-power of the United States. The railroad horse-power hours 


TABLE II. THe Horse-power Hours DEVELOPED IN THE UNITED STATES 
IN 1922 
Manufacturing and mining, including electric 


power purchased . 86 billion horse-power hours 


Electric power stations, excluding that sold to 


industry . 
Railroads piilieinnatinliaalipiis 
ieee |... 
Navigation and miscellaneous 


a ; 258 


have been estimated from a knowledge of the coal used by the rail- 
roads in 1922, and the automobile figure from the gasoline consump- 
tion. The navigation and miscellaneous figure is based partly on 
registered tonnage; but it is rather loose, for it is difficult to say 
what proportion of our ships’ fuel should be charged to the United 
States. However, the figure seems to check out from other points 
of view, and it is close enough for our purpose. 

Comparing now the two final figures, it will be seen that with 
all our water power developed, it would hardly have met the demand 
in 1922. If now Fig. 3 is looked at it will be seen that if our indus- 
tries maintain their present rate of growth, they will have doubled 
by 1950. Our power requirements would seem to be doubling every 
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twenty-five years. How long this will keep up is only conjecture; 
but the fact that the electric power industry itself is doubling every 
five years, and that Giant Power and Superpower are becoming 
facts, would lead one to believe that if the other necessary factors 
develop at the same time, we may be entering an era of development 
that will be greater than anything ever yet known. 

However this may be, it seems certain that although water power 
may carry some of our load, our real dependence must be placed 


+ 


on our fuel reserves. And fuel reserves mean coal reserves. Nat- 
ural gas is practically exhausted. Our oil can not last much longer, 
and this will probably make a further demand on the coal, as our 
gasoline of the future is likely to come from coal distillation earlier 
than from shales. Furthermore, while we have been considering 
coal from a power generation point of view only, in reality a large 
portion of the coal mined is used for industrial heating and other 
processes; so from every standpoint it becomes of increasing inter- 
est to know how long our coal reserves are likely to last. 

In the state of Pennsylvania we know with considerable accu- 
racy how much coal is still in the ground. The whole state has been 
carefully mapped and measured by the State Bureau of Topo- 
graphic and Geological Survey. Table III contains their bitu- 
minous coal figures. Anthracite coal deposits we have not consid- 
ered; they are comparatively small and used mostly for domestic 
purposes. The figures given in Table III for the original deposits 
include all veins, whether minable or not, while in the estimate of 
recoverable coal only veins that are thicker than 18 inches are in- 
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TABLE III. THe Biruminovus Coan 
Original Deposits Mined Out 


75,259 055,000 5,519,665,00 ) 


All figures are in short tons 


eluded, which accounts for the difference very largely in the size 
of these two figures. There is no lignite or sub-bituminous coal in 
Pennsylvania and all the 43 billion tons of reserve are good usable 
coal. 

Fig. 4 is a plot of the bituminous coal mined in Pennsylvania 
since 1880. Assuming that the increase of coal mined in the past, 
as shown by the curve, will be continued, the dotted line has been 
projected into the future. Equating the area under this line to the 
43 billion tons coal reserves, it will be found that these reserves will 
be exhausted in 118 years. If, instead of considering a yearly in- 
crease, the assumption is made that the coal mined each year will 
be the same from now on, then it will be found that the 43 billion 
tons will last about 250 years. The true figure probably lies some- 
where between these two extremes. This means that the end of 
Pennsylvania’s coal is in sight. 

This same method can be applied to the coal resources of the 
United States, but with very much less accuracy. In 1913 an Inter- 
national Geological Congress was held in Canada, the result of 
which was the publication of three volumes giving the estimated 
coal reserves of the world. This was a wonderful piece of work 
and the records are of the greatest value, but the same degree of 
accuracy can not be expected, as in the Pennsylvania estimate where 
each square foot of ground was laid out on a drafting board and 
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planimetered. The coal in our western states is by no means as 
well known as that of Pennsylvania. Then, too, the figures given 
for recoverable coal include all seams down to 12 inches thick, whi) 
the Pennsylvania figures do not include anything less than 1: 
inches thick. 

For these and other reasons the method of calculation used for 
Pennsylvania is not satisfactory when applied to the United States 
Such figures as we find, however, lead to the belief that in a very 
few hundred years all our best coal will have been exhausted; th, 
zenith of industrial prosperity will have been reached and fron 
then on a gradual slowing down of production will take place. 

In Table IV is given the distribution of the world’s coal reserves 
as determined by the Geological Congress. As North America has 


TABLE IV. DISTRIBUTION OF THE WORLD’S COAL RESERVES 
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nearly 70 per cent. of the coal of the world, it must be looked to 
very largely to keep the world going and what has been said about 
the United States can probably be said about the world generally 
Whatever interpretation we choose to put on such figures, we 
certainly must realize the rate at which our resources are 
For countless ages man has lived on this earth with the coal practi- 
eally untouched, then suddenly, less than a hundred and fifty years 
ago, the industrial age began, with the invention of machine tools 
and the steam engine, and in that short period this enormous con- 
sumption of coal has taken place. Our fuel-saving refinements will 
help, but they seem like a drop in the bucket in the face of the ever- 
increasing demand. As Fred R. Low, president of the American 
Society of Mechanical Engineers, has well said: ‘‘It is a good thing 
for us that the industrial age did not start in the time of Tutankha- 
men, or to-day we would be fighting among ourselves for the last 
few remaining heat units.’’ And even if we care nothing about 
the future from an altruistic point of view and ask ourselves the 
question : ‘‘What has posterity ever done for us?”’ still it is inter- 
esting to wonder if 2,500 years from now the words ‘‘prosperity” 
and ‘‘civilization’’ will have taken on a very different meaning 
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Our present outlook is that when the coal goes so will prosper- 
ity. Will science do anything for us before this happens? Will 
somebody some day discover how to make heat run up hill, so that 
we will need a new theory of thermodynamics; or will some one get 
control of the energy we believe to be in the atom? These are 
dreams. We have been living in a time when we have seen under 
our very eyes tremendous changes taking place in industrial life. 
The application of scientific principles has developed rapidly, and 
we have therefore come to believe that this rapid development wil! 
continue, and that sooner or later some source of energy, other than 
coal, will become available. Our attitude is one of waiting for 
something to turn up. Possibly a wiser and certainly a more prac- 
tical attitude would be one of conserving our resources. 

Perhaps true prosperity is not industrial prosperity at all, and 
that man was happier in the olden days. Man got along without 
power until just yesterday, so to speak, and most of mankind get 
along without it still. It may be that man is not as happy now as 
he was, but it surely can be said that wealth and comforts are widely 
distributed as never before; and whether we believe this industrial 
age with its great mass production is best for mankind or not, the 
handwriting on the wall says that it has come to stay and to 
increase. 


Our civilization is one of industrial production, and this is the 
one cifference between our civilization and the many civilizations 
that have preceded it and failed. Will our civilization endure? 
If it does, then power must endure. 
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THE PHYSICAL BASIS OF DISEASE 


XI. MEDICINE OF THE FUTURE 


By THE RESEARCH WORKER 
STANFORD UNIVERSITY 


‘‘It would be interesting to know the relation of theology 
medicine a hundred years from now,’’ said the manufacturer, as he 
wished the research worker and family Godspeed, at the railway 
station, a few evenings later. 

That night the research worker tossed in a stuffy berth, a medley 
of dreams and half-waking thoughts, essence of a hundred sleepless 
nights. In his dreams he revisited California in the thirtieth cen- 
tury. Saw the old placer region, now a segregation district for 
industrial plants. The eugenic colony of the San Joaquin valley. 
The great state wineries of the Fresno region. The crime-prophy- 
laxis station at Carmel. 

‘*Yes,’’ he murmured, wakened at a junction by returning col- 
lege students, with their ever-varying parodies on Alexander’s Rag- 
time Band, ‘‘it would take a Tamalpais.”’ 

Unable again to sleep, he dressed and jotted down his main 
impressions of Thirtieth Century California. 


2 


I found myself in the office of a great physician of the thirtieth 
century. 

‘*My bill?’’ asked the patient. 

‘Two and a half wilsons,’’ replied the physician. 

**May I see those coins?’’ I asked. 

**Gold and silver mixtures,’’ the physician explained. ‘‘ Named 
after Patrick Wilson, first President of the Nordic Union. No rela- 
tion of the Wilson of your day.”’ 

*‘Nordic Union?’’ 

‘Founded, 2113, after the second Pan-Europasiatic War. 
Hundred fifty million killed. California invaded. Half a million 
women and children killed here. Here’s the atlas. Nordic Union, 
red. Mediterranean, green. Asiatic, blue. African, buff.’’ 

**The value of a wilson?”’ 

‘** Average daily living expense, one adult, Nordic Union. Rela- 
tive proportion of gold and silver varied from time to time to 
stabilize its purchasing power. Size and design constant. Similar 
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units in other Unions. Mediterranean unit, twenty per cent. less 
gold. Asiatic, forty per cent.”’ 

‘* A handicap to business,’’ I objected. 

‘‘Interunion transactions are mainly by bankers’ credit. The 
four world units are equalized in world-purchasing power by im- 
port taxes or bonuses, equal to the difference in the gold content 
of the units involved. With a normal trade balance, the taxes and 
bonuses offset each other. Otherwise, world-wide free-trade.’’ 

sut the revenue of a country ?”’ 

‘Mainly from state owned shares in public utilities. No state 

allowed to own more than 33 1/3 per cent.”’ 


3 
The physician’s office expanded to the dim-lit interior of a great 
Protestant Church. The choir swung into the familiar refrain. 
Trumpets dominated the orchestra. The standing congregation 
raised their right hands: 


I rejoice! I rejoice! In Divine biologic laws. 
I obey! Iobey! Thy Divine biocommand. 


Changing to the voice of a great historian in whose study I was 
sitting. 

‘*‘The Biologic Reformation,’’ he was saying, ‘‘dates from 2015, 
the Miracle of Mount Tamalpais. Here is the account. Third 
Testament, Second Chapter, Letters of St. O’Neill, reporter for a 
San Francisco paper, who won the Pulitzer prize for the best de- 
scription : 


5. And, on the third day, a Wondrous Light appeared over 
Tamalpais, increasing to a Brilliancy no eye could stand, a Light 


leaving no record on photographic plates. 

6. And, from this Brilliancy, there materialized a Great Face, 
Countenance of Eternal Youth, over-topping the stars, visible to far 
distant Sierras. 

7. The Lips opened, and, in a Voice each heard in his own 
tongue: 

8. ‘*I give unto you a new Command, the Biologic Law. From 
the anthropomorphic brute in whose body I created you, you have 
evolved a demi-deity. You have gained much dominion over external 
forces. WE are pleased. Now, say I unto you, gain you also 
dominion over your own biologic selves.’’ 

9. The Face dimmed, slowly disappeared. And those who would 
approach found Tamalpais denuded of vegetation, with heat so in 
tense none could ascend. 


+ 
The Bible shrank to a wine glass in the hand of a great indus- 
trial chemist. 
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‘‘Not the rotting fruit and putrefying grain of your genera- 
tion,’’ he was saying, ‘‘but juices of freshly gathered fruits, mixed 
with other vegetable products. Freed from putrefactive microorgan- 
ism by porcelain filtration. Aged. Aromatized. Carbonated. Vi- 
taminized and neurhormized by ultraradiation. The inception of 
the process dates from your time, the early partial vitaminization 
of inert oils by ultraviolet rays. Wine is at present the largest 
industry in the state. A million employees.’’ 

**The labor?’’ I asked. 

‘* Agriculture laborers, mainly Italiojapanese hybrids. Tech- 
nical workers, largely Francoprussian blends.’’ 

‘‘Hybrids! Blends!’’ Iexclaimed. ‘‘Supervised marriage!’’ 

‘‘No. Public opinion discourages undesirable hybridization. 
Otherwise, the individual usually marries at puberty the mate of 
his choice.”’ 

** At puberty!’’ 

‘*To be exact, during the nuptial sabbatical, first pubescent 


year.”’ 

‘My own research field,’’ he continued, the wall of the room 
disappearing, revealing his private laboratory. A _ topsy-turvy 
land. Inverted receptacles, up-side-down filters, fragments of 
broken apparatus floating near the ceiling. ‘‘Is aeriometallergy. 


Gravneutral, gravnegative alloys.’’ 

‘‘Gravnegative physics,’’ he explained, ‘‘dates from 2516, th: 
discovery of differences in the gram-momenta of certain metals 
moving in vacuo. The first gravneutral subelectron was not isolated 
till nearly a hundred years later, however. The first gravnegative 
subatomocentrosome, not till two hundred years later. Our main 
commercial supply of negons is from subcentrosomal eracking.’’ 

‘*The chemistry of my day?’’ I asked. 

‘*Ten centuries of the pseudo-chemistry scrapped, by the begin- 
ning of the modern era. This we date from 2781, the perfection 
of methods for electron and centrosome synthesis.”’ 


5 


The chemist ’s voice changed to the natal wail of an infant in t 
hands of an obstetrician. 

**Nordichebraic hybrid,’’ he was saying. ‘‘Superior to the Nor- 
dicarabic and Nordicegyptian blends encouraged in England.”’ 

The resident hormonologist took up a hypodermic syringe. 

**You had hormones in your day?”’ he asked. 

‘*Tnsulin,’’ I said. 
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‘*Crude initial product. Mixture,’’ he replied. ‘‘This is gon- 
stasin. Highly specific antimitosigen. Act solely on the attrac- 
tion-sphere centrosomes of gonocytes. Enough bound to the cen- 
trosomes to delay gonocyte mitosis ten to fifteen years. Delays 
puberty. Females, till twenty-fifth year. Males, till thirtieth. 
Offset by postponed menopause and delayed senimpotence. Same 
length of time.”’ 

‘‘The purpose?’’ I asked. 

‘‘Our natural reproductive period was well adapted to prehis- 
toric man. Poorly adapted, however, to modern education, to mod- 
ern life-expectation. Youth-prolongation is compulsory in the 
Nordic Union. All new-born. One of our most valuable eugenic 
and hygienic measures.’’ 

‘*Your life-expectation?’’ I asked. 

‘‘Inereased rapidly during the first five decades after Tamal- 
pais, with the resulting general application of known hygienic facts. 
Since then, advance has been slow, depending mainly upon laborious 
mastery of new facts. Our average life-expectation today is 67.4 
years. Eventually, we hope to reach the three-score-and-ten of Bio- 
command.’’ 

‘Not my understanding of the text,’’ I objected. 

**Careful retranslations, during the time of His Holiness Tamal- 
pais I, show that this was the original meaning.’’ 

‘*The Chief has his neghenry on the roof,’’ he added, ‘‘ going 
to show you the senilorium.’’ 


6 


**Looks familiar,’’ I said, as I found myself seated in the well- 
known model. 

**Yes,’’ replied the hormonologist, ‘‘we’ve reproduced the ex- 
ternal features of the historic car preserved in the Memorial Mu- 
seum, at Henfrd. The surface henry and neghenry are the official 
Nordie Union insignia for physicians of the ford class. Perpetual 
tribute to that far-seeing man, who contributed a quarter of his 
fortune to founding the Research Institute for Molecular Physics, 
at Ann Arbor, from which came the discovery of rectangular ultra- 
radiation-interference in radio-active crystals, basis of modern diag- 
nosis.’’ 

The henry rose to the passenger level. 

**Physician of the ford class?’’ I asked. 

**On graduation, medical students are licensed as B-class phy- 
Sicians, entitling them to practice only under the supervision of a 
physician of higher rank. After five years, about two thirds of 
them are raised to the A-class, allowing independent practice. Ten 
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years later, about a quarter of the A’s are raised to the consulting. 
or ford class, M.FD. Corresponding to the highest rank in other 
professions, Ph.F'D., D.FD., ete. The fordate is required for re- 
sponsible public health and teaching positions. Most research 
workers are fords, though some of the best work 

**Oyez!! Oyez!! Oyez!’’ from an approaching air-liner. 

‘*Emergency-ambulance call,’’ said the hormonologist. 
th’ straps!’’ 

And the henry shot forward to the ground. 


7 


We reached the ground a few seconds before the slowly descend- 
ing body. Its fall retarded, I was told later, by a gravnegative suit. 

The body landed on its feet. (‘‘God! It’s Ford Jones!”’ 
Slowly collapsed to the ground. Fragments of viscera rained down 
from the slowing propeller, now overhead, a three-foot length of 
intestine sliding from a frond of an adjacent palm. 

A hemostat plunged into the gaping abdomen. Jugular exposed. 
Thermos trocar inserted. 

‘*Control the flow! Thirty ce per second.’’ 

Ruptured spleen, shreaded stomach, intestinal fragments, thrown 
to the ground. A dozen rapid hemostats. And the emergency- 
ambulance dived to the ground. Another thermos. And, disre- 
garding all traffic regulations, the burdened ambulance sirened to- 
ward the hospital. 

*‘Spectacular stunt!’’ I said. ‘‘But what was the use?’’ 

‘Oh! He’ll be all right. Few weeks.’’ 

‘*Exsanguinated!’’ I objected. ‘‘Practically eviscerated! 
Stomach, intestines, spleen all gone.’’ 

‘‘Liver and kidneys intact,’’ he replied. ‘*What more d’you 
want? Didn’t you have intravenous feeding in your day?’’ 

**Come to think of it,’’ I said, ‘‘some one was trying out intra- 
venous glucose injections. But the shock?’’ 

‘The thermos fluid was your old friend, Locke’s solution. Plus 
the usual intravenous anesthetics. To this we have merely added 
a—, B - and y - anti-shock hormone, a synthetic colloidal oxygen-car- 
rier, synthetic prothrombin and streptosalvarsan. They’ll probably 
drain him out in the hospital. Fill him from pooled donors. I 
believe his blood formula is A,C,5y. On record. Subject to eall.”’ 

‘*But lack of asepsis?’’ I insisted. 

‘Continuous lavage. Modern variant. Your Dakin’s solution 
The main thing to fear is the 4-group streptococcus. But her 


we are.”’ 
And the henry slanted to the ground. 
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8 


He shifted to surface transmission. We glided along a flower- 
bordered driveway. 

‘‘How about organ transplantation?’’ I asked. ‘‘One of our 
prophecies. ’’ 

‘*Transplantation of certain simple tissues is part of ordinary 
hospital routine. Done, however, only after painstaking blood- 
grouping and quantitative horm-determinations. Organ trans 
plantation, however, involves such prolonged delicate technic that 
it is rarely attempted, except in research.”’ 

The henry entered a park. Attractive bungalows. Venerable 
patients. One ancient, squatted in buddhistic pose on a rock, an 
electric light suspended a few inches above his head. 

‘‘Interesting case,’’ commented the hormonologist. ‘‘Shaves 
and anoints his head daily. Sits for hours under his electric light. 
Perfectly happy. Picturing himself the second Tamalpais. We’ve 
merely substituted electricity for his original ‘sacred lamp’.’’ 

We passed through the senile colony to an imposing group of 
buildings in the rear. 

**Desenilization hospitals,’’ he said. 

‘*Desenilization,’’ he explained later, ‘‘had its inception in the 
2313 Los Angeles epidemic, following the introduction of a group 
of natives from Tibet. The epidemic was characterized by a rapid 
shrinking and jellification of the body. Particularly marked in 
the bones. Before death, the patient was often reduced to half 
his initial height.’’ 

**Sounds like some of our war infections,’’ I said. 

‘The disease was transferred to rodents,’’ he continued, ‘‘and 


») 


was propagated in rats, for nearly two hundred years, before the 
causative agent was isolated and cultivated. From pure cultures of 
this microorganism a series of highly specific hystolysins were finally 
isolated. One of these is almost absolutely specific for degenerated 
cells, particularly of the connective tissue groups.’”’ 

**Desenilization,’’ he added, ‘‘is usually attempted between the 
sixtieth and sixty-fifth year. There are two stages. First, a 
gradual, careful desclerosation of the body, by daily, intravenous 
injections of hystolysin. Followed by a forced multiplication of 
residual normal cells by prolonged cross-circulation with a rapidly- 
growing youth. 

‘‘The process usually takes about a year. Is attempted only 
in carefully selected cases. Early attempts with advanced arterio- 
sclerotic types gave disastrous results. At the end of the process 
the individual is restored to about two thirds his original height. 
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Has about a third his original muscular strength. But usually has 
distinctly, often markedly restored special senses and mental 
vigor.’’ 

‘‘The average duration of mental vigor,’’ he continued, ‘‘is in- 
creased about fifteen years by the process. The average life-ex- 
pectation, about five years.’’ 

‘*How often can the process be repeated?’’ I asked. 

‘*Repeating the process five to fifteen years later produces such 
slight improvement in mental condition that it is no longer at- 
tempted.’’ 

‘*Desenilization is open to all,’’ he explained, as we drove back 
toward the entrance. ‘‘It is, of course, expensive. But special 
provision is made for the free desenilization of individuals of out- 
standing mental attainments. The present much-beloved President 
of the Nordic Union, for example, was desenilized in this hospital, 
free of charge, about seven years ago.’’ 


(To be continued) 
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THE CONTENT OF SYSTEMATIC BIOLOGY 


By Professor G. F. FERRIS 


STANFORD UNIVERSITY, CALIFORNIA 


TuoseE who are confronted merely with the printed title of this 
paper will doubtless be justified in wondering which of the two 
possible pronunciations and consequently which of the two possible 


meanings of its second word it is my intention to employ. This 
apparent ambiguity is intentional, for I am really concerned with 
both. It is my hope that by a discussion of what I conceive to be 
the con’tent of systematic biology I may in some degree disturb the 
content’ of systematic biologists. 

One whose biological interests happen to center chiefly about 
the problems with which the systematist is concerned can scarcely 
have failed to observe that systematic biology is somewhat in dis- 
repute. Or at least if he has not himself detected it he will have 
had it impressed upon him by others who profess to have done so. 
In fact, the observation is one that it seems none but the most un- 
observing can avoid. There are certain national scientific societies 
of an honorary character to which no one can gain admission on 
the basis of systematic work alone, although scientists whose qualifi- 
cations are chiefly literary and journalistic may be admitted into 
the circle of the elect. There are universities that will not grant 
the doctor’s degree as a reward for systematic work, although they 
will grant it for other work that to the doubtless prejudiced eyes 
of a systematist appears to be of no very great significance. 

And so, with the frequent repetition of this observation—a sort 
of reverse Couéism, as it were—the systematist, if he be not either 
strong-minded or supremely indifferent, may come to be somewhat 
depressed by it. He may finally conclude that his own field has but 
poor pickings and turn a longing gaze toward those other and still 
verdant pastures where for the moment there disport the dainty 
Drosophilas or where parades the proud pH. Worse than this is 
the fact that the younger men, casting about for their particularly 
fitting niche in the scheme of biology, are not likely to look with 
any marked favor upon attaching their roots in such a sterile field. 

Now, what can the systematist do about all this? Of course the 
simplest thing that he can do is to give up being a systematist. 
He may grow a few flies or a few silkworms or perhaps a few flowers 
or whatever else is convenient, find out what a chromosome is and 
what ‘‘crossing over’’ and ‘‘linkage’’ mean and call himself a 
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geneticist. He can go out into the fields and engage in any one of 
several delightful and harmless activities that will permit him to 
intrude within the society of the ecologists. Or he may elect any 
one of several other more or less similar means of escape that will 
readily suggest themselves to one who desires above all to swim with 


the current. 

But if he refuses to forswear his faith and elects to remain a 
systematist, if he is able by some such arguments as I have else- 
where presented to revivify his belief in the worthwhileness of his 
activities, what is there that he can do to aid in the elevating of his 
work in the estimation of other biologists—or as some might mali- 
ciously prefer to put it, of biologists? We are of course all familiar 
with the copy-book maxim that it is not what people think of you 
but what you are that really counts, yet after all there is a certain 
amount of satisfaction in being appreciated. 

In the first place, what is the common conception of a systema- 
tist? As I have gathered it, it may range among those who are not 
themselves systematists from a belief that he is an encumbrance 
upon the earth to a grudging admission that such work must be 
done by some one. The latter is usually accompanied by a query 
as to why any one should want to do it. Some regard the systema- 
tist as a mere cataloguer. Others, disturbed by certain of his inci- 
dental activities, look upon him as a juggler of names. To some he 
is merely a man who describes new genera and species without end 
in order that he may delight in seeing his name printed after them 
in accordance with the quaint custom of his tribe. Some would 
unkindly remark that he is merely a pseudo-scientist, and I suppose 
that some day we shall have to debate the question as to what 
science really is. 

What do systematists think of themselves and of the purposes and 
limitations of their work? After all, this is the more important. 
It is with their conceptions that I am the more ready to quarrel. 
We may cheerfully excuse those who from lack of acquaintance 
with our work do not understand or appreciate it. We can hardly 
be so lenient with those who do not understand or appreciate the 
possibilities of their own work. Here, it seems to me, is the real 
root of the difficulty. The systematists themselves—of whom I con- 
sider myself to be one—are to a great degree responsible for the 
present situation. They do not come into the court with clean 
hands. 

I may perhaps misinterpret the views of systematists, yet my 
conclusions are drawn from their work. Apparently there are many 
who are indeed content with the mere recording and superficial de- 
scribing of supposedly new species, to whom the title, ‘‘One hundred 
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species of something-or-other new to science,’’ represents the very 
apex of achievement and this in spite of the fact that we already 


know far more species than we know what to do with. Apparently 
there are some who conceive their work as chiefly nomenclatorial 
and who regard systematic biology as synonymous with a system 
of names. Apparently the majority are content if they have de- 
scribed the more obvious external features of an organism and on 
this basis have made some attempt to allocate it in the system of 
classification. 

These systematists are indeed working in a field that is destin: 
to sterility. It is a field about which there exists a barrier through 
which the refreshing streams of thought from other fields may not 
penetrate. These systematists have drawn or have permitted to be 
drawn a rigid distinction between their own work and that of the 
geneticist, the physiologist, the chemist and the experimental biol- 
ogist. 

It is against this isolation that I would protest. Rather than to 
permit genetics or physiology or biochemistry to push systematic 
biology into the humble seat in the ashes where it shall sit for all 
future time as the Cinderella of biology I would urge that system- 
atic biology reach out and appropriate unto itself the fine raiment 
of these sisters. After all, none of these things is an end in itself. 
They are all rather methods that can be applied to various ends. 
They ean be utilized by the systematist. 

There are really two things that the systematist is after. One 
of these is the purely practical aim of making it possible to identify 
species. Along with this, of necessity, goes the entire matter of 
naming and arranging species in some sort of order so that we may 
be able to talk about them. This aim can be attained after a fashion 
without much consideration of other factors and in many cases by 
means of the most artificial of characters and with a minimum of 
actual knowledge. Any one, for example, can tell a horse from a 
cow at a glance without being able to give any definite analysis of 
his reasons for separating the two and without being able to tell 
any one else how to distinguish between them. However, this de- 
scribing and naming of species is an entirely legitimate and in fact 
a necessary aim. The unfortunate thing is that it is so often con- 
sidered as constituting the whole of systematic biology or taxonomy 
and that even where it is the sole aim of the systematist that aim is 
80 widely missed. In actual practice it constitutes a very large 
preponderance of the routine work of the systematist, even of the 
systematist who would avoid all routine if it were possible to do so. 

Nevertheless, in addition to this mere identifying and naming 
of species there is still something else. This identifying and nam- 
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ing is merely knowledge without understanding. It is one thing 
to discriminate among species after we know them to be distinct. 
it is another to find valid reasons for our discrimination and to 
understand the relation of species to each other. Knowledge with- 
out understanding is perhaps not valueless—it is sometimes ex- 
tremely dangerous—but it at least is an inefficient and a poor thing. 
Its consequences in systematic biology may be seen in the activities 
of a botanist who named two hundred species of a familiar western 
flower because of his religious conviction that species are immutable 
things, fixed since the creation, and that consequently two forms 
which are recognizably distinct can not come from the same an- 
cestors! It is the kind of thing that appears all too frequently 
in systematic work, although probably from far less sincere motives 
than were those of the botanist. 

The attainment of such understanding involves a great many 
things that need not, and in fact should not, be involved in the 
purely practical work of identification. For practical reasons the 
latter should be made as simple as possible. The attainment of the 
first may not be simple at all. Here the systematist should employ 
all the tools that are available and that can give him any aid. 
is here that the methods of the comparative morphologist or anat 
mist, of the physiologist, of the geneticist, of the experimental biolo- 
gist, even of the chemist may be brought into use. It is to include 
all these things that I would urge the extension of the conception 
of systematic biology. It is not the method utilized, but the aim 
that determines what our work is to be called. 

Let me illustrate by actual examples. 

There is a certain group of western plants that are extremely 
puzzling to the systematist. Whether there is but one species or 
whether there are several is a question that can not be answered 
on the basis of herbarium specimens alone with any degree of satis- 
faction. However, a botanist has attavked this group by way of 
the methods of the geneticist and has arrived at certain definite con 
clusions as to the number and the characteristics and the genetic 
relationships of the species involved. I can not see that this is any 
the less systematic work because it has been done in this way rather 
than in that which the botanical systematist ordinarily follows. 

There is what is supposed to be a single species of scale insect 
which occurs on a wide range of plants, frequently becoming 4 
rather serious pest in orchards. As far as structure is concerned 
apparently but one species is involved, yet in form and habit 
individuals from the various host plants present a wide range of 
difference and there is a very definite question—one that is by no 
means purely academic—as to what these forms are. One may con- 
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mplate the spectral remains of the insects as they appear when 


ady for study under the microscope indefinitely without any 
rospect of a solution. This solution of the question probably can 
e attained, however, by experimental methods involving the careful 
earing and transference of specimens from one host to another. 
This is experimental systematic biology. As a matter of fact, work 
of this sort is very sadly needed, for there has long been doubt as 
to the effect upon insects of a change in host. There is very little 
valid evidence one way or the other, but no inconsiderable amount 
of the systematic work in certain groups has been definitely in- 
fluenced by preconceived judgments as to what that effect would be. 
If the question can be settled by experimental methods the recogni- 
tion of the species by the ordinary procedure will present no diffi 
culty. 

There is a group of scale insects from one species of which our 
entire supply of shellac is obtained. Altogether, there are about 
fifty species known in the group. Only a few of these produce a 
true lac, others produce something like lac, while still others pro- 
duce a substance that has no resemblance to lac at all. Here there 
is room for the application of chemistry in the study of these forms. 
If a chemical study of the secretions of the various forms should 
reveal that each has a specifically recognizable secretion, would not 
that justifiably be acceptable as a contribution to systematic work f 
True, no one would wish to take the trouble to make a chemical 
analysis of the lac in order to identify a species, for they can be 
identified more easily by other means, but such chemical study 
would undoubtedly aid in that understanding of the relationships 
of the species which we should have for systematic purposes. The 
bacteriologist, it seems, actually must rely upon chemical reactions 
as a matter of routine procedure in order to identify the forms 
with which he deals. 

Personally, I am convinced that there are such things as physio- 
logical species. After all, what are structural differences but the 
expression of some preceding physiological activity? If this be 
true, there must be forms which will differ in their physiology even 
if not in their structure. It may not be necessary or desirable to 
recognize these forms by names, but at least a physiological study 
of them would aid in a proper understanding of their relationship 
to one another. 

I do not wish to be misunderstood as proposing that every sys- 
tematist should be at once a geneticist, a physiologist, a chemist, a 
comparative anatomist, an experimental biologist. I do believe, 
however, that he should be one of these things at least and should 
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have some appreciation of the others. I do contend that the 
systematic biology, that of discriminating among those myr 
forms of living organisms that we call species and of understa 
their genetic relationships to each other is broad enough and 


enough worth while to include under its aegis workers 


these fields. 

I do not wish to be misunderstood as proposing that 
species shall be subjected to genetical and physiological and . 
cal as well as structural analysis before it is given a name 
scribed. Obviously nothing of the sort is possible with the n 
of forms that occur in the world. There is in general no n 
any such elaborate program, and for many years to come we « 
along very well in the majority of cases with merely an 
structural analysis and without being too curious as to th 
genetic status of our species. With the majority of species 
almost enough merely to know that they exist and can bh 
nized when the occasion arises. But when the occasion does 
and when anything at all is to be gained by the use of thes 
methods they should be used. 

I would then maintain the thesis that if systematic biolog 
extend its definition of itself, if it will revise its estimate of 
if it will in addition raise its standards of work, it will automat 


deserve and, let us hope, regain the esteem of the workers in ot 


fields. 
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By Dr. EDWIN E. SLOSSON 
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A NEW sort of sugar may soo 


that is sweeter and better and 


SUGAR FROM 
SUNFLOWERS 


than common sugar. | 
unfamiliar and not 
a matter of tact it 
food already. The read r, 11 he he an ordina 

lmit that he is—is now consuming the new 

week and gets from it some six per cent. of his 

The chemist knows of scores of different kinds 

ows only two, beet sugar and cane sugar, and 
sucrose, the chemist calls it. When we eat this sugar it 
eq ial parts, one of which is known as “olucose” and tl 

The chemist, who analyzes sugars by passing a 
through their solutions, calls the former “dextrose,” 
sugar, because it rotates the ray to the right, and th 
the left-handed sugar, because it rotates the ray to th 

Now glucose or dextrose made from cornstarch has i 
into common use as a syrup for making certain 
now be prepared as a pure white powder. But 
place cane sugar because it is not nearly so sweet 

The other sugar, fructose or levulose, has a 
either its twin, glucose, or its mother, sucros« 
levulose would go as far as three pounds of can 
ening food. It is also much more soluble than common 
make a sweeter syrup. A spoonful taken on the tongue 
flakes in the sun 

Levulose gets its other names of fructose or fruit sugar 
curs commonly in sweet fruits, as it does also in honey. Bu 
been prepared in commercial quantities because of the 
ing it. This difficulty has at last been overcome by 
son, Silsbee and Proffitt at the Bureau of Standards, who h: 

a process of producing it by the ton in a pure white, crystall 

This may make levulose a formidable rival of common sugar, since it 

be made from a plant that is tougher, wider spread and more prolific than 
either beet or cane. 

This is the Jerusalem artichoke. The tubers of the artichoke are similar 
in composition to potatoes but, instead of the starch of potatoes, they con- 
tain a similar substance, known to chemists as “inulin.” Starch, digested 
in warm acidified water, turns into the right-handed sugar, dextrose. 
Inulin, treated in the same way, turns into the left-handed sugar, levulose 

It seems that we can get more sweetness from an acre of soil by grow- 
ing artichokes than any other crop. The average yield of potatoes in the 
United States is three tons per acre. In England this is doubled. But 
fifteen tons per acre of artichokes have been raised in Pennsylvania, using 
the strain known as the Mammoth White French Jerusalem Artichoke. 
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In the midst of the Great War when England seemed in imminent 
unger of starvation through the cutting off of her shipping by U-boats, 
he British government set the Royal Society to finding what crop would 
roduce the largest amount of food on this limited land. The War Food 
ommittee reported, in “private and confidential circular No. 46,” that the 
lerusalem artichoke was better than potatoes, for it could be grown on 
aste land without preparation and with little cultivation, and that the 
ield in gardens ran up to 20 or 22 tons per acre. 

Unlike the sugar beet, the artichoke is not impaired in sugar content by 
freezing, so the tubers can be kept in storage or left in the ground until 

it is convenient to work them up in the factory. The factory can therefore 
be kept running for eight months in the year instead of three with conse- 
quent reduction of overhead and investment. 

The tubers yield ten to twelve per cent. of levulose. Formerly crystal 
lized levulose was sold, or rather quoted in the catalogs of rare chemicals, 
at over a hundred dollars a pound. The new process may reduce the price 
to that of common sugar, or cheaper considering its superior sweetening 
power. It has one disadvantage that may interfere with its table use; that 
is, it absorbs water from moist air more readily than salt, and so is apt to 
deliquesce into a syrup. 

So it seems that we need not depend upon imported sources for our 
sugar, the tropical cane or the European beet. The Jerusalem artichoke 
does not come to us from Palestine, but is a native weed, one of our wild 
sunflowers, that means that it is immune from destructive insects and dis- 
eases and needs but little encouragement to make a good crop. 


ScHoo. teachers are at last beginning to see a way 
MEASURING to remedy what has been hitherto regarded as an 
ACHIEVEMENT inevitable defect of the educational process, the 
BY ABILITY appalling waste of the most valuable material in 
the world, the time, the efforts and the hopes of 
youth. Year after year as the teacher met the fresh faces in his college 
classroom he has been saddened by the thought that of these students, 
perhaps brought there by high ambition, perhaps sent there at parental 
sacrifice, a certain proportion must fail despite what all that they or he 
could do. They had all passed the entrance examination and possessed 
the minimum requirement of knowledge, yet neither he nor they could tell 
whether they were qualified for the tasks that would be imposed upon 
them in the next four years, or whether both would lose their labor. 
Now, however, it is possible for a high-school senior to find out with a 
very high degree of probability what will be his success in college studies. 
The new examinations devised for this purpose are objective, comprehen- 
sive, fair and impersonal, and they test both the factors of success, train- 
ing and aptitude. In one state over 1,500 students have now been followed 
through their third year at college, and their achievements, in most cases, 
come close to the predictions based upon these qualifying examinations. 
Professor Carl E. Seashore, of the University of Iowa, in his address 
recentiy before the National Academy of Sciences on the discovery and 
motivation of the gifted student, called attention to the amazing magnitude 
and fixity of individual differences as disclosed by mental measurements. 
For example, one student may have ten or twenty times as good a memory 
for the shapes of things as another student has. Or the same person may 
have ten or twenty times as good memory for such geometrical forms as he 
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as for differences in the quality of musical tones. The accurate knowledg: 
»f such different aptitudes is of inestimable value i | rmining whether 
} boy or girl should undertake training to be an artist or a musician much 
snowledge can be obtained at a surprisingly early age and it is surprisingls 
persistent. As Professor Seashore says: 
“The sense of pitch and the sense of rhythm, lor xample, mav be me: 

sured early in childhood and are found to remain constant tl rouchout life 
except for deterioration, normal or pathological, des ! elaborat: 


education and special training. A boy who is quick and accurate is likely 


to be the man who is quick and accurate in any particular type of motor 


process. As our measures of intelligence are gradually improved, we find 
more and more evidence that the intelligence quotient of 75, 100 or 125 
tends to remain fairly fixed throughout life, with or without extensive edu 
cation of the individual.” 

On account of the infinite variety of individuals and the wide range of 
their capacity, it is manifestly unfair to require of them all the same 
amount of work or the same grades. It has been found that for an exami- 
nation, which the upper quarter of the class should pass W ith a grade of 75 
per cent., the passing grade of the poorest members of the class, if they 
made equal effort, should be set at 25 per cent. To set the same require- 
ment for such unequal abilities in the classroom is as unfair to both ex- 
tremes as it would be in the gymnasium to require them all to jump over a 
three-foot bar, which for some would be impossible and for others child’s 
play. The new educational slogan, according to Professor Seashore, is “to 
keep each of the students busy at his highest natural level of successful 
achievement.” 

The present practice of whittling down square pegs to fit into round 
holes mey in time be abolished by means of placement tests and vocational 
guidance. It is coming to be realized that all young Americans are entitled 
not only to the opportunity for education, but to the particular kind of 
education to which they individually are fitted for. The old Socialist 
motto, “From each according to his ability; to each according to his 
needs,” is the motto of the new education. 


A DRAMATIC culmination of a controversy that 


THE QUESTION OF has divided the scientific world for more than 


ETHER DRIFT forty years was the appearance upon the same 


program of the National Academy of Sciences 
annual meeting of two papers which present 
new evidence on the question of Einstein’s theory of relativity. The 
first paper was by the president of the academy, Professor A. A. Michel 
son, of the University of Chicago, whose historic experiments in 1881 
first showed that there was something wrong about our traditional ideas 
of space and time, and so led to the Einstein theory. The second was 
by Professor Dayton C. Miller, of the Case School of Applied Science, 
Cleveland, who has recently repeated the original Michelson experiments 
on the top of Mount Wilson, California, and got different results which 
conflict with the Einstein theory. 

The question at issue is whether there is an ether pervading all space 
and if so whether it is stationary or is carried along by moving matter. 

All attempts to prove the existence of the ether or to measure “ether 
drift” through moving bodies have so far failed. The crucial experiment 














MEMBERS OF THE NATIONAL ACADEMY OF SCIENCES 
From a group taken on the steps of the U. S. National Museum, shortly | 
the death of Dr. Arthur G. Webster, professor of physics in Clark Universit 





who is shown in the foreground on the right. On the left is Dr. Charles D 
cott, secretary of the Smithsonian Institution, who was in April elected pres 
of the American Philosophical Society, having already been president « 
National Academy of Sciences and of the American Association for the Ad 
ment of Science. Above are Dr. Robert G. Aitken, director of the Lick O! 
tory at Mount Hamilton, California; Dr. Francis G. Benedict, director 
Nutrition Laboratory of the Carnegie Institution at Boston; Dr. Rol 
Millikan, director of the Norman Bridge Laboratory of the Califor 
stitute of Technology; Dr. Franz Boas, professor of anthropology at C 
University, and Dr. Frank B. Jewett, of the New York Telephone a1 
graph Company. i 
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was that tried by Michelson in cooperation with Morley in 1881. He set 
up in the basement of the Case School a marvelous accurate instrument 
named the “interferometer,”’ because it measures the interference of fringes. 
or black and white bands, produced when two beams of light come together 
in such a way that their crests and troughs conflict. 

Besides rotating on its axis from west to east at the rate of a third of 
a mile a second, the earth revolves around the sun once a vear, at a rate 
of 18 miles a second, and the sun with the earth and the rest of the 


planets is moving through space at the rate of about 10 miles a second. 
But whichever way Michelson turned the arms of his interferometer, he 
found no difference in direction and got no evidence of ether drift. He 
repeated the experiment in 1887 with more accurate apparatus and in 


same place but still got negative results. 

This seemed to prove that the earth did not move through a fixed ether 
But to assume the contrary, that the earth did not move but was per 
manently at rest in a fixed ether, was inadmissible because that would 
upset Copernicus and all the astronomers since. 

No adequate explanation of these two conflicting experiments was pr 
duced till 1905, when Einstein put forward his special theory of relativity 
which disregards the ether altogether. This theory carried with it such 
revolutionary consequences as to the nature of space and time that men 
began to question whether there might not be some flaw in the Michelson 
Morley experiment, on which such a vast edifice of speculation had been 
built by Einstein and his disciples. So Professor Miller constructed a 
more elaborate interferometer apparatus with all possible precautions and 
refinements. When he tried it out in the place of the previous experi 
ments, the basement of the building, he got the same result, that is, no ade 
quate evidence of ether drift. 

But a few months ago he set up the apparatus on the summit of 
Mount Wilson, 5,000 feet above the sea, and this time got a positive dis 
placement of the fringes. If Miller’s experiment is confirmed, it would 
indicate that the ether is somehow tangled up and carried with the earth 
at points beneath the surface, like the basement laboratory, but that out 
on a mountain top, somewhat away from the main mass of the earth, 
the ether does drift by, or through, matter to some extent. This means 
that we have in the ether a sort of fixed framework and can, in spite of 
Einstein, get evidence of real motion and not merely relative motion of the 
stars and the earth. There is then a definite clash between the results 
so far obtained by Miller and Einstein’s special relativity theory. 

But the paper read before the academy by Professor H. G. Gale, of 
the University of Chicago, giving the result of the new experiments by 
Professor Michelson and himself on ether drift accords with Einstein’s 
theory instead of contradicting it. In this apparatus a divided ray of 
light was sent in opposite directions through a rectangular water-pipe over 
a mile long in order to see if the rotation of the earth made any difference 
on the speed of light in different directions. The measurements with the 
interferometer were almost exactly the figure required by the theory of 
relativity, and Professor Michelson in a preliminary announcement of the 
result in a recent public lecture in Chicago said: “Provisionally there is 
no question that the Einstein theory is correct and this experiment is one 
more striking confirmation of his brilliant work.’”’ But this result is also 
in accordance with the old ether theory so it does not definitely decide 
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The map shows the course of the Bowdoin from Wiscasset, Maine, to Etah, 
back to Nachbak Bay, Labrador. At Etah, the nearest inhabited spot to the 
North Pole, will be the headquarters of radio station WNP, through wl 
Mr. Macmillan will send home news of the explorations through the Natio: 
Geographic Society. An airplane base wili be established at Cape Hubbard 
whence the planes of the United States Navy will fly over the large unknow 
territory between Cape Hubbard and the North Pole, at both of which the fla 
of the United States has been raised. Airplanes will also undertake to make : 
reconnaissance of North Greenland, concerning the inland ice of which co: 
paratively little is known. Nansen, in 1888, crossed Greenland directly f: 
east to west. That cross-section was made, however, below the Arctic C 
where the island-continent is about three hundred miles across. Peary cut acr 
the northwest corner in the nineties. The only other crossings were those « 
Rasmussen and De Quervain, each in 1912, and Koch, in 1913. The airplan 
will also explore Elismere Island and Baffin Island and, on their return, part 
of Labrador. Of particular interest, however, will be the exploration of the v 


unknown region between Fort Barrow, Alaska, and the North Pole. 
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between them. Besides, this experiment was performed underground like 
those in the basement of the Case School and, if Professor Miller’s experi 
ments are right, different results may be expected on the mountain tops. 

With the possible exception of Miller’s recent results on Mount Wilson, 
the Einstein theory has been substantiated on all points open to experi 


mental evidence. His prediction of a displacement in the position of stars 
close to the sun was verified by eclipse observations of Eddington, 


England, and Campbell, of California. His prediction of a shift 
spectral lines from the sun was verified by St. John at Mount 
The theory of relativity also affords an explanation of the 
in the orbit of Mercury, the distribution of the fine lines of 
of light as calculated by Sommerfeld, of the results of the Michels 
Morley experiment and of the continued production of heat from the 
and stars by the conversion of their substance into radiant energy. 
THE public should get acquainted with methanol, 
which they have hitherto known, if at all, by the 
METHANOL name of “wood alcohol” or “methyl alcohol.” Its 
new name—accent on the first syllable, please 
will tend to prevent the frequent and sometimes 
fatal confusion of methyl with her sister ethyl, who is the more sought 
after and less deadly member of the family. Many a man has asked the 
druggist for “alcohol” for horse-liniment or cleaning his typewriter, and 
the druggist, not noticing the wink, has given him the kind of alcohol that 
makes a man drunk blind instead of blind drunk. Alcohol for industrial 
purposes is often denatured with methanol and when it is de-denatured fo 
beverage purposes some of this is likely to be left in. Because of such 
accidents conscientious bootleggers are said to furnish free with each case 
of their whiskey a bundle of pencils and a card, “I am blind,” so that the 
purchaser is insured of a livelihood in case of the worst. 

Methanol in its proper place, which is outside the human stomach, is a 
useful article in many manufactures and some eight million gallons have 
been made in America annually by the distillation of wood. But this 
method of manufacture is now hard hit by a new process which uses eoal 
and water as the raw material. The first step in the process is the forma 
tion of the well-known “water-gas” by passing steam over hot coal. This 
gas is a mixture of carbon monoxide and hydrogen, both good combustibles 
When the water-gas, mixed with more hydrogen, is subjected to heat and 
pressure in the presence of a catalyst the carbon monoxide and the hydro 
gen combine to form methanol. 

This synthesis is similar to the Haber process which combines the nitro 
gen from air with hydrogen from water gas to form ammonia. By means 
of the Haber process Germany has been supplied with fixed nitrogen for 
explosives in war time and fertilizers in peace time. 

The new process may prove to be equally important since by slight 
variations the same raw materials may be made to yield acetone, a useful 
solvent, formaldehyde, a familiar disinfectant, and an oily mixture, resem- 
bling petroleum, from which gasoline may be made. The demand for for- 
maldehyde has greatly grown of late because it is one of the two ingre- 
dients of synthetic resins, such as bakelite, which give us music by means 
of radio receivers and phonograph records. Methanol is being increasingly 
employed as a solvent in lacquers and the like, and is used in making many 
dyes and drugs. 
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The inventor of the methanol process, Dr. Franz Fischer, director of 
the Kaiser-Wilhelm Institute at Mulheim-Ruhr, is now in this country and 
gave a talk at the recent Baltimore meeting of the American Chemical So 
ciety. In his process he puts the mixture of hydrogen and carbon monoxid 
under a pressure of 1,050 pounds per square inch at a temperature of 410 
degrees Centigrade. The catalyst, that is, the agent that effects the com 
bination of the gases, is zine oxide. The Badische plant at Merseburg 
turns out twenty tons of methanol a day. 

The basic Badische patent on this process was granted on October 17, 
1916, in the United States. When we entered the war this was taken over 
with the other German patents by the Alien Property Custodian and trans- 
ferred to the Chemical Foundation, which grants non-exclusive licenses to 
American manufactures. Later developments of the process have bee: 
patented in Germany and France in 1923. The French experiments hav 
been carried out by M. Patart with the aid of the Ministry of Commerc: 
and Ministry of War, and are described in Industrial and Engineering 
Chemistry of April, 1925. It is estimated that synthetic methanol may be 
made by this method at about twenty cents a gallon, which is less than a 
third of the present American price for the product of wood distillation. 


CORRESPONDENCE 


THE GOVERNOR OF CALIFORNIA AND THE REGENTS 
OF THE STATE UNIVERSITY 


To THE Epitor or THE Screntiric MonTHLY: 

THE Screntiric Montuuiy for April, 1925, page 417, publishes the 
following from the anonymous pen of “The Research Worker, Stanford 
University” : 

“Look at the governor of California refusing to endorse modern hygienic 
measures for fear of alienating the Christian Science vote. The regents 
of our state university (of California) denying adequate appropriation 
to the medical department for fear of antagonizing the Protestant religio- 
therapeutic bloc.” 

I have no right to speak for the governor of California, but undoubt- 
edly my relations with him are more intimate than are.those of “Th 
Research Worker.” In my opinion, California has a courageous governor, 
who acts in accordance with his own conscience, and without reference to 
capturing or to alienating the votes of any group. 

As a result of my intimate relationships with “the regents of our stat: 
university,” in the past two years, I have encountered no fact, or ever 
the remotest suggestion of a fact, which “The Research Worker” could 
make the basis for saying that the regents are paying any attention to 
any “bloc” of voters, religio-therapeutic or otherwise. I am convinced 
that a little bit of “research” would have saved “The Research Worker, 
Stanford University” from assuming the unenviable position of publish 
ing anonymously a libellous statement concerning the governing board 
of another university. 

W. W. CAMPBELL, 
President of the University of California 
BERKELEY, CALIFORNIA, 
April 29, 1925 
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CORRESPONDENCE 


[No journal is responsible for the opinions expressed in the artic 
that it publishes. The editor of this particular journal, being a psy 
chologist by profession, would hesitate to ascribe motives for any act 
whether it be of a governor of a state or of a research worker, except as a 
working hypothesis formed from the total behavior of an individual. 
This, however, is not the usual procedure, and men are hung or elected 


president of the nation on the supposition that we know the that 


have led to their actions. In a democracy it is desirable 


1} 


expression of opinion concerning those elected to public office 


CHRISTIAN SCIENCE 


To THe Epiror oF THE ScIENTIFIC MONTHLY : 

It is regrettable to find a publication such as THe Screntiric MONTHLY 
lending itself to a malicious attack upon the religious teachings and 
healing ministry of Christian Science. This I may add is especially true 
in respect to an offensive article appearing in your April issue where the 
writer hides his identity behind a nom de plume but openly trades upon 
the good name of a well-known university. This person, whoever he may 
_ be, writes as one completely blinded by a bitter prejudice and what is 
more, he proceeds with a flagrant disregard of demonstrated results to 
malign a great religious organization and cast reflections upon the integrity 
of the multiplied thousands who go to make up its adherents. It is one 
thing to disagree with the teachings of Christian Science; but quite another 
to deliberately accuse Christian Scientists of falsity and misrepresentation. 
I, of course, recognize it as the privilege of your contributor to express 
his opinion regarding Christian Science, but I must deny his right to mis 
represent the purposes of the Christian Science Church and publicly im 
pugn the motives of its members. 

His statement, for instance, that published testimonies of Christian 
Science healing were untrue and that the efficacy of Christian Science 
treatment had been adversely reported upon after an impartial investi- 
gation is wholly without warrant. Numerous committees have been ap- 
pointed by religious and medical organizations to investigate so-called 
faith healing and the various modes of suggestive therapy, all of which 
are, liwever, the very antithesis of Christian Science teaching and practice 
For your information I may say that the Christian Science Church uses 
the greatest measure of care in investigating testimonials of healing before 
they are published in the authorized periodicals of the movement. Such 
testimonies are certified to by at least three responsible persons. 

I may also add that practically every known form of disease, including 
those diagnosed by responsible medical practitioners, has been successfully 
treated in Christian Science. I have on file in my office testimonies from 
dependable citizens of this state gratefully acknowledging the healing of 
disease diagnosed as organic by reputable physicians and in many instances 
pronounced incurable. Interesting enough, at or about the time our critic’s 
article came to my desk a much respected lady of this city delivered to me 
a written testimony of her healing of cancer through Christian Science 
treatment. The lady’s brother, a prominent business man also of this city, 
joined his sister in certifying to the healing. Such practical demonstra- 
tions have served to make a profound impression upon a substantial wing 
of the medical profession itself. As an example, Dr. Richard C. Cabot, of 
Harvard University, one of America’s best known and most highly re- 
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spected medical authorities, has said, “We are firmly convinced that Chris 
tian Science has done and is doing a vast deal of good not only as a religioy 
but as a health restorer and a protest against the short-sighted neturalness 
of the doctors.” Equally interesting is the following statement from Lt 
Col. Frank T. Woodbury, M.D., of Edgewood Arsenal, “Every day 
hear people remark that they had been given up by several physicians a1 
finally went to a practitioner not of the regular medical school and wer 
cured. I formerly thought that it was a case of exaggeration or of sel 
delusion, but I feel that we can not dismiss these testimonies with a learn: 
bromide. The results of irregular practice are all around us. Ten Chn 
tian Science Churches in New York City alone [there are actually thirt 
one} can not be blown away with a laugh. We have to admit that th 
sects and cults possess a knowledge of healing which we do not recogniz 
If space permitted almost countless citations such as the foregoing could bi 
offered as evidence that a substantial number of physicians who occu] 
ranking positions in their profession wholly disagree with our critic’s att 
tude towards Christian Science. 

In view of the seriousness of your contributor’s misrepresentations | 
respectfully request that you publish this correction without delay. 

Sincerely yours, 
CHARLES E, HEITMAN, 
Christian Science Committee on Publicatior 
New York, N. Y., 
Aprit 30, 1925 


[We have received a number of letters objecting to the criticism 
“The Research Worker” (who is a distinguished man of science) of th 
medical activities of Christian Science and print one that claims to bé 
official. Dr. Cabot may be correct in holding that “Christian Science h: 
done and is doing a vast deal of good not only as a religion but as 
health restorer” in so far as it teaches its adherents to forget minor il 
and to be hopeful in regard to the future. But when it is officially claim« 


by Mr. Heitman that Christian Science cures practically every known 


form of organi¢ disease, including cancer, then it is no longer a questio1 
of the attitude of scientific men on the validity of such claims, but or 
to what extent the law should be invoked for the protectiqn of the inc 
petent.—Epiror. ] 
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